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SUMMARIZED
CHAPTER CONTENTS

CHAPTER 1
THE NEWS STUDY

As a result of the severe drought in the North-
eastern United States in the 1960’s, the Congress
enacted Public Law 89-298 directing the Corps of
Engineers to work with appropriate Federal, state
and local officials to plan steps to insure against
future drought-related water shortages in the
Northeast.

Studies of the 200,000 square mile region show
that 50 million persons now live in the 13 states
and District of Columbia. Studies also show that
by the year 2020, population will increase to 80
million.

¢ The Critical Areas

The report findings clearly show that three met-
ropolitan areas, New York, Eastern Massachu-
setts-Rhode Island, and Washington, D.C., have
the most critical ard immediate need to develop
water supply sources to meet growing water de-
mands.

CHAPTER 2
THE DEMAND FOR WATER

More than 14 million persons, living in the North-
east during the 1960's drought, were forced to
restrict their water use to conserve dwindiing
supplies. Many areas came close to running out
of water.

Since the drought, only one major water supply
project has been huilt in the three most critical
areas. Many water supply systems continue to
register average consumption figures that are
higher than their safe yields. In 1976 the New York
City system had an average consumption that
was approximately 170 mgd higher than its safe
vield. The Newark, New Jersey water supply sys-
tem supplied 38 mgd more than its safe yield and
the system serving Boston delivered 17 mgd
above its safe yield in 1976.

The number of people living in an area, their
personal income, and the area's industrial
growth, all affect total water demand. Projections
ofthese parameters show that water use will con-
tinue to grow in those critical areas.

CHAPTER 3

WATER USE REDUCTION

If water supply cannot be increased to meet de-
mand, then demand must be reduced to meet
supply. Increasing price to reduce water used in
these areas may be effective only if prices are
increased by multiples of 100%. The equity of
pricing policies would have to be carefully consi-
dered.

Temporary use control, during emergencies, can
and does work for short periods of time if man-
datory water use restrictions are applied. Some
temporary reduction can also be obtained by re-
ducing the operation of water using utilities-such
as power ptants.

Long term reductions in water use can be
achieved through conservation measures such as
improved leakage control, use of water conserv-
ing fixtures and appliances, universal metering
and public education programs. Such measures
will be necessary if future water shortages are to
be averted in major metropolitan areas.

Most methods to conserve water are within the
jurisdiction of state and local government. Con-
sequently, the ability of these agencies to im-
plement use reduction techniques is a major
consideration in estimating the effectiveness of
conservation programs.

CHAPTER 4

SUPPLY INCREASE

Water availability can be increased through de-
velopment of a variety of programs such as sys-
tem improvements, surface water, ground water,
wastewater and salt water.

¢ System Improvements

Connection of systems to provide joint use of
high-flow skimming, ground water and reservoir
storage provides many advantages that systems
relying on single sources do not possess. Sup-
plies can sometimes be effectively increased
through interconnection.

¢ Surface Water

Surface water is the main source of supply in the
three critical areas. This can be tapped by the use
of on or off stream reservoirs that can supply
water directly or can be used to augment stream
flows where river intakes are the source. Occa-
sionally suitable sites for small reservoirs can still
be found near user areas. Large reservoir sites,
however, are generally located away from popu-
lation centers.

Estuaries could be a source of increased supplies
in the New York and Washington, D.C. metropoli-
tan areas. When these estuaries are polluted ex-
tensive treatment is required to make the water
safe for long-term use.

¢ Ground Water

Ground water is another source of supply. Agquif-
ers can be developed in stages, thereby offering
flexibiiity in meeting changing demands. Ground



water recharge areas would have to be moni-
tored closely to prevent pollution.

* Wastewater

Wastewater, discharged to streams or aquifers
used as water supply sources, makes up a large
portion of present water used. This is found to be
a questionable practice. Advanced wastewater
treatment plants or carefully controlled land
treatment can be employed to make indirect use

of wastewater for a completely safe supply. Di-

rect reuse of treated wastewater is not generally
considered acceptable.

& Salt Water

Desalting is technically feasible, however, en-
vironmental problems and cost limit application
of this technology.

CHAPTER 5

WATER SUPPLY AND OTHER
PLANNING OBJECTIVES

In the three most critical areas, it was found that
responsible officials and citizens plan to make
their source and project decisions on the basis of
factors that go beyond simply increasing sup-
plies to meet demands. These additional consid-
erations range from a project's impact on the
environment, its flexibility to meet changing de-
mands and demand patterns, impacts on popula-
tion growth, cost, and reliability in terms of meet-
ing the demand for water.

In order to facilitate decision making, potential
projects for the three most critical areas are ar-
rayed on decision trees. Each branch gives con-
sideration to one or more additional planning
objectives.

It is noted that each source decision, and each
possible project, will give rise to questions and
criticism from interested citizens and officials.
But decisions must be made if sources are to be
tapped and projects completed to meet the grow-
ing demand and reduce the risk of shortage.

CHAPTER 6

THE WASHINGTON
METROPOLITAN AREA (WMA)

In addition to Bloomington Dam- and Lake, the
Corps of Engineers has already recommended
the construction of two reservoirs and a pilot es-
tuary water treatment plant to Congress. Even if
these projects come on line additional work will
be necessary to meet water supply demands in
the area.

Area Profile

The WMA deserves special consideration be-
cause it is the Nation's Capital, a regional center,
and because of the magnitude of its water supply

problems. The 1970 population of about three
million is a 39% increase over the 1960 popula-
tion. Population is expected to be 6.8 million by
2020.

Water Demands

Water demands are expected to reach 515 mgd
by 1980, 720 mgd by the year 2000, and 925 mgd
by 2020.

Available Water

The major source of water in the WMA is the
Potomac River. The river flow fluctuates widely
around an average flow of 5975 mgd, a fact that
must be considered in planning for peak demand
periods. Other sources are the Patuxent River,
Occoquan Creek and ground water,

Water Supply Programs

Water supply programs to meet the WMA de-
mands have been formulated to reflect the con-
siderations expressed by citizens and agencies,
such as reliability, environmental quality, cost,
growth control, flexibility and social and econom-
ic equity. Sources could be developed by up-
stream reservoirs, an estuary treatment plant,
local water impoundments, raw water intercon-
nections, ground water and treated wastewater.
Demand reduction techniques are also consi-
dered. Formulated alternatives are displayed as
decision tree branches and are designed to meet
critical month and seven day maximum deficits.
A local water saving policy would result in an
aggregate total of 45 mgd by 2020 and is included
in all branches. Bloomington Dam and Lake wili
be completed and its 135 mgd available by about
1980. It is included in all branches.

Decision Tree
Branch 1

Branch 1 is based on a mix of both proven and
unproven technologies and minimizes large
scale reservoir construction. It includes the
Bloomington Dam and Lake, ground water, es-
tuary treatment plants, interconnections of exist-
ing systems and local water impoundments.

Branch 2

Branch 2 relies exclusively on new or unproven
technologies, undetermined ground water yields
and emergency restrictions. The program
minimizes land intensive reservoir construction
and includes Bloomington Dam and Lake, ground
water, advanced waste treatment and estuary
use.

Branch 3

Branch 3, like Branch 2, is based on new and
unproven technologies, undetermined ground
water yields and emergency restrictions, but is
less costly to implement. It includes the same
projects as Branch 2, but places smaller reliance
upon advanced waste treatment.

TN



Branch 4

Branch 4 emphasizes surface water regulation by
dam and lake projects. The branch represents
maximum use of proven technologies and
includes Bloomington Dam and Lake, a local
impoundment, interconnections between exist-
ing systems, and the Verona and Sixes Bridge
Projects. ’

Branch 5

Branch & is also based on the use of known and
proven technologies and was formulated to
utilize surface water regulation through dams
and lakes. Bloomington Dam and Lake, Verona
and Sixes Bridge Projects, and Local Impound-
ment Reservoirs were used in this branch.

CHAPTER 7

THE NEW YORK METROPOLITAN AREA (NYMA)

The Corps of Engineers has identified a specific
project recommendation for an early action pro-
ject for the NYMA: the Hudson River Project.

Area Profile

The area covers more than 9,000 square miles
and includes 26 counties in three states and
ranges geographically from metropolitan New
York City to rural areas. Population projections
show that the NYMA faces major population in-
creases by the year 2020. Presently developed
water sources will be totally inadequate to serve
the needs of a growing population. The popula-
tion in the area in 1970 was 18.9 million persons.
By 2020, more than 26 million persons will live in
the area.

Water Demands

Non-industrial per capita water use in various
parts of the region in 1970 ranged from 70 to over
200 gallons per capita per day {gpcd)} and aver-
aged 1356 gpcd. Industrial use ranged from almost
zero to 50 gpcd. Total estimated demand for
water by 2020 will reach 5.1 billion gallons per
day.

Available Water

More than 100 potential projects were studied in
developing water supply programs for the re-
gion. Major sources for the area are the Hudson,
Delaware, Housatonic, Connecticut, Raritan and
Passaic Rivers and ground water in Long Isiand
and South New Jersey.

Water Supply Programs

Programs to meet the growing water demand in
the NYMA have been formulated. These pro-
grams were represented at a public meeting on 19
March 1976. Atthat meeting the states of Connec-
ticut and New Jersey indicated they could meet

needs beyond the year 2000 from in-state
sources. New York State requested that the feasi-
bility of the Hudson River Project for early action
be investigated.

Decision Tree
Branch 71

Branch 1 utilized the Connecticut State Plan, and
small intra-state sources and South Jersey
Ground Water for New Jersey. By the year 2020,
New Jersey will probably need an inter-state
source - in this branch the Delaware River was
used. For New York, the Hudson River Project
would be the early action alternative. By 2020, the
Hudson River Basin Storage projects could pro-
vide the increased vield required. in addition, a
conservation program to include metering, leak-
age control and domestic conservation measures
would be implemented. This branch would re-
quire the least institutional rearrangement and
could be the most easily implemented course of
action.

Branch 2

Branch 2 presents an alternative for the State of
New Jersey utilizing larger sources available.
This branch would include the Delaware Diver-
sion, development of South Jersey Ground Water
resources, and by 2020, use of the Hudson River
to meet its needs. For New York and Connecticut,
this branch is identical with Branch 1.

Branch 3

Branch 3 presents an alternative for meeting the
projected deficits for western Connecticut. This
would involve development of the Housatonic
River for water supply. For New York and New
Jersey, this branch is identical to Branch 1.

Branch 4

Branch 4 presents the use of larger, more reg-
ional projects for each of the three states. It in-
cludes development of the Housatonic River for
western Connecticut; development of the larger
sources available to New Jersey including use of
the Hudson River by about the year 2020; and
implementation of a conservation program with
development of the Hudson River for southeast-
ern New York.

CHAPTER 8

THE EASTERN MASSACHUSETTS-RHODE
ISLAND METROPOLITAN AREA (EMRI)

The most urgent demand for additional water
supply in New England is in the Eastern
Massachusetts-Rhode Island Metropolitan Area.
Federal, state, and area officials agreed in 1970
that the Corps should study two projects for di-



version of less than 200 mgd from the Cennec-
ticut River Basin, investigate the use of the Mer-
rimack River for water supply, and determine the
environmental impact of large diversions on the
Merrimack and Connecticut River estuaries. Pro-
jectreports have been completed and the North-
field Mountain and Millers River projects were
recommended as Federal projects to meet near
term needs,

Area Profile

The EMRI area consists of Rhode Island and al! of
Massachusetts except Berkshire County. Thereg-
ion contains 357 municipalities and a population
in 1970 of 6.5 miilion. The population is expected
to increase to 9.7 million by 2020. Of the current
population, about 85% is urban.

Water Demands

Ninety-six percent of the area’s population is
served by public supply systems. The 1965 area
demand was 749 mgd. It is expected to rise to
1287 mgd by 1990 and to 1893 mgd by 2020.

Available Water

The major supplier in the area is the Metropolitan
District Commission, which served 37% of the
1870 poputation in Massachusetts. The potential
water sources are the Merrimack, Ipswich, North,
Taunton, Weweantic, Pawtuxet, Blackstone,
Thames, Pawcatuck and Connecticut Rivers.

Water Supply Programs

Programs to meet the growing water demands
have been formulated with consideration of addi-

tional objectives that appear to be significant in
the area. Planning in the area has stressed the
possibility of adding to existing systems.

Decision Tree
Branch 1

Branch 1 relies on Plymouth County Ground
Water and on Connecticut River Diversions for
water supply through the 2020 time frame. This
branch shows one way in which the largest po-
tential source of surface water, the Connecticut
River, could be used.

Branch 2

Branch 2 is an alternative which could be im-
plemented if (a) development of the Northfield
Mountain and Millers River Projects was to be de-
layed to the 1990-2000 time period, and (b} no
additional major Connecticut River Diversions
were to be included for the region. Major projects
include Plymouth County Ground Water, Merri-
mack River, Taunton River and estuary, and local
developments.

Branch 3

Branch 3 includes early implementation of the
Northfield Mountain and Miliers River Projects
which have been recommended for authorization
by the Corps of Engineers. Projects under active
study by local interests have also been included
in the early time frame. Small projects would be
used in the later time frame along with major
development of either Plymouth County Ground
Water or the Merrimack River. This plan makes
greatest use of small projects and is considered
the most likely to be implemented.



INTRODUCTION

Northeastern United States Water
Supply - Summary Report

This, the final report to be prepared under author-
ity of Title 1 of Public Law 893-298, is a summary of
the most significant findings after comprehen-
sive study of the water supply situation in the
Northeastern United States. Since more than 150
published and unpublished reports, technical
memoranda and data compilations, have been
prepared since the initial Plan of Study was is-
sued in 1966, the summary is necessarily most
selactive. In effect, the NEWS Report is actuaily
contained in the many volumes referenced inthe
“Annotated List of NEWS Reports” which is at-
tached at the end of this summary volume,

In November 1975, an /nterim Report - Critical
Choices for Critical Years was published and
given wide distribution in the Northeast. Public
meetings were held in each of the three areas
found to have the most critical potential water
shortages. These areas were the Washington
Metropolitan Area, the New York Metropolitan
Area, and the Eastern Massachusetts-Rhode ls-
tand Metropolitan Area. The Interim Report pre-
sented for each area a review of the studies which
had been completed, described the demand-
supply situation, outlined alternative pragrams

which could be used to eliminate the risk as-
sociated with existing or potential water shor-
tages and defined critical decisions which would
have to be made if timely implementation of any
of the programs or projects was to be accomp-
lished.

The public meetings were intended to inform
concerned people about the results of the study
and to obtain their views on the alternative long
range programs which had been developed for
each of the respective areas. The meetings also
determined whether local interests desired de-
tailed feasibility studies of any project to meet
near term critical needs,

One such project received the necessary support.
New York State, New York City and adjacent
counties requested that a survey scope feasibility
report be prepared for a project which would use
Hudson River water as a source of supply for the
metropolitan area of southeastern New York. The
feasibility report on the Hudson River Project is
contained in the Appendix to this Summary
Report.

This report is based on the Interim Report with
the text and area programs updated to include
current information and views.

Public Law 89-298
89th Congress, S, 2300
QOctober 27, 1965

An Act

Authorizing the conatruction, repair, and preservation of certain publle works
on rivers and harbors for navigation, floed control, and for other purposes.

Be it enacted by the Senate and House of Rf]n*eaentatiuea of the
Unidted States of dmerica in Congress assembled,

TITLE F—NORTHEASTERN TUNITED STATES WATER
SUPPLY

Sec. 101, (a) Congress hereby recognizes that assuring adequate
supplies of water for the great metropolitan centers of the United
States has become a problem of such magnitude that the welfare and
prosperity of this couniry m(iuim the ¥ederal Government to assist
In the solution of water supply problems. Therefore, the Secretary
of the Army, neting through the Chief of Engineers, is anthorized
to cooperate with Federal, State, and local agencies in preparing
11)19.:15 in accordance with the Witer Resourves Planning Act (Public

aw B8-80) 16 meet the long-range wnter needs of the northeastern
United States. This plan may provide for the construction, opera-
tion, and maintenance by the I’Tmted States of (1} a system of major
reservoirs to he located within these river basins of the Northeastern
Thnired States which drain inte the Chesapeake Bay, those that
train into the Atlantic Ocean north of the %hesa.peake Bay, those
that drain into Lake Onturio, and those that drain into the Saint
Lawrence River, (2) mmjor conveynnce facilfities by which water
may be exchanged between these river basins to the extent found
desirable in the national interest, and {3) major purification facilities.
Such plans shall provide for appropriate financial participation by
the States, Po]itical subdivisions thereof, and other local interests,

(b) The Secretary of the Army, acting through the Chief of Engi-
neers, shall construct, operate, and maintain those reservoirs, con-
veyunce facilities, and purification factlities, which are recommended
in the plan prepared in accordance with subsection (a) of this section,
and wl:iuh ars specifically authorized by law enacted nfter the date
of enactinent of this Act.

(¢} Each reservoir included in the plan authorized by this section
shall be considered as & component or a comprehensive plan for he
optimum development of the river basin in which it is situated, as well
us s component of the plan established in accordance with this section.
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CHAPTER 1: THE NEWS STUDY

The United States is blessed with vast natural
resources that have fostered and supported its
growth, high standard of living, and development
into a major world power. Water is among the
foremost of the resources upon which our
economy and our civilization depends.

Throughout the early phases of our history, there
was little competition for water sources. Choices
concerning projects to develop sources, the
quantity to be supplied, alternative uses and the
effects of different uses were much simpler.
However, as population has grown additional
water sources have beentapped and competition
among users has greatly increased. This compet-
ition has precluded decisions to develop sources
for water supply in time to avert shortages in the
event of another major drought. As aresult, water
shortages are now emerging in urban areas, par-
ticularly in the Northeastern United States where
abouta quarter of our total population is crowded
into only about eight percent of the nation’s land.
The drought of the early 1960°s drew attention to
this problem and caused Congress to take action.

That action, in 1965, was the enactment of Sec-
tion 101, of Public Law 89-298 which states that
the problem of assuring adequate supplies of
water in metropolitan areas is one that affects the
welfare and prosperity of the entire country.
Congress recognized that the problem is of such
magnitude and importance in the Northeastern
United States that Federal effort is necessary to
. help solve it and therefore directed the Corps of
Engineers to cooperate with appropriate Federal,
State and local agencies in preparing com-
prehensive plans which could mest the long-
range water demands of the people in the North-
east.

The Northeastern United States Water Supply
{NEWS) Study region extends about 1,000 miles
froms Northern Maine to Southern Virginia, av-
eraging 200 miles in width from the Atlantic
Coast. The study area involves nearty 200,000
square miles of land, populated in 1970 by about
50 million persons in the states of Maine, New
Hampshire, Vermont, Massachusetts, Rhode Is-
land, Connecticut, New .Jersey, Delaware, the
District of Columbia and portions of New York,
Pennsylvania, Maryland, West Virginia and Vir-
ginia.

By the year 2020, the population in this region
probably will have grown ta 80 million. This in-
creased population will still be concentrated in
the five major metropolitan areas of Boston, New
York, Philadelphia, Baltimore and Washington.
About 60% of the present population already
lives in these areas. Since urbanization is a con-

tinuing process, the portion of the region’s popu-
lation living in and around these urban centers
will in all probability continue to increase.

Purpose

The purpose of this report is to describe the work
done in the NEWS Study. The planning process
and study analysis led to identification of the
three most critical areas and most of the follow-
ing discussion concentrates on these areas. The
report displays the major alternative sources of
water supply available, together with theiradvan-
tages and disadvantages, so that the public and
governmental agencies may hoid responsible
discussions and make knowledgeable decisions
regarding future water supply. Additionally, the
report provides in the Appendix, a feasibility re-
port on the Hudson River Project, proposed to
meet immediate near term needs for Southeast-
ern New York. A summary of information de-
veloped during the entire NEWS Study is in-
cluded in the attached ““Annotated List of NEWS
Reports”,

The Critical Areas

The authorizing legislation for the NEWS Study
directs attention to the water supply problems of
metropolitan areas. The classification of Stan-
dard Metropolitan Statistical Areas {SMSA} used
by the Bureau of the Census was adopted as the
mechanism for identifying those areas that
would be studied under NEWS. On the basis of
preliminary population projections, thirty-one
urban areas were identified as containing all cur-
rent and emerging SMSA's in the Northeast. The
water sources and water supply facilities serving
these areas were examined to estimate the
amounts of water that could be delivered to each
area’s population and industry during a drought.
Population projections were then made and
translated into future water supply demands for
publicly supplied municipal and industria! water.
The projections extended to the year 2020.

Comparison of each area’s water supply demand

- with water supply capability led to an identifica-

tion of those areas with an immediate near term
need (prior to 1990) for increased supply capabil-
ity, and those with longer range needs. Im-
mediate needs were noted initially for the follow-
ing five areas: ‘

Eastern Massachusetts-Rhode Island
New York Metropolitan Area

South Central Pennsylvania
Baltimore

Washington, D.C.



As studies progressed, it became apparent that
the problem in the South Central Pennsylvania
and Baltimore areas were not as urgent as origi-
nally thought. Therefore, since this report deals
only with the urban areas projected to experience
near term problems, the South Central Pennsyl-
vania and Baltimore areas have not been in-
cluded.

Information on the detailed studies made of the
South Central Pennsylvania Area is contained in
separate reports referenced inthe Annotated List.
Detailed studies were not made of the Baltimore
area because adequate information had been de-
veloped in local studies.

A number of separate studies and reports have
been completed for each of the three most critical
areas. These studies form the basis for this report
and are completely listed in the Annotated List.
They range from examination of social, economic
and environmental costs and benefits to new
technologies, demand reduction and hydrologic
analysis.

The twenty-six other urban areas with potential
long range problems have been studied to de-
termine demands and supply capabilities. The
information is available as a separate report, as
referenced in the Annotated List.

The Planning Process

Planning for such a large and complex region
requires careful and orderly analysis. To accom-
plish this a series of planning steps has been
applied to each area studied. The initial two steps
were required for all areas and the remaining four
steps for the three most critical areas.

1. Examination of the Problem. Projected water
demands were compared with available sup-
plies for the 31 urban areas in the region to
determine where potential shortages exist.
Those areas having a potential for critical
shortages prior to 1990 were identified.

2. Development of Soluticns. Technically feasi-
ble alternative solutions were developed for
all areas and alternative solutions consistent
with the individual areas’ broad planning ob-
jectives were developed for the three most
critical areas and for South Central Pennsyl-
vania,

3. ldentification of Critical Implementation Fac-
tors. An examination of the key effects of im-
piementing each project was made to select
the projects having the most positive impacts
while achieving additional planning objec-
tives. Where the key effects were sensitive to
modification of certain project features, the

modifications were made and the projects
grouped into alternative regional programs.

4. Determination of Annual Charges. In the
Interim Report of 1975, “cash flow” (i.e., an-
nual charges) for each program was deter-
mined for two rates of interest to compare
funding at the Federal water supply interest
rate with funding at the estimated local gov-
ernment borrowing rate. In this Summary
Report, annual charges are shown at the Fed-
eral rate for projects authorized or proposed
to be authorized as Federal projects, and at
estimated local rates for all other projects.

5. Timing of Decisions. In this report, time hori-
zons have been adjusted for each critical area
to show the earliest decade in which major
projects could come on line. In the Washing-
ton Metropolitan Area, Bloomington project
will be able to provide water by 1980, or
shortly after, and that year is shown as a focal
point for planning in the WMA. In the New
York Metropolitan Area, the only major proj-
ect for which decision making has begun, the
NEWS Hudson River Project, could not be
operational until late in the 1990 - 2000 period
so that the year 2000 became the first plan-
ning target for the NYMA. Major Federal proj-
ects have been proposed in NEWS reports
for the Eastern Massachusetts - Rhode Island
Area and therefore 1990 became appropriate
as the early action planning goal in EMRI.

6. Determinationof Acceptability. NEWS studies
have been discussed and reviewed in numer-
ous information meetings with various
groups in the NEWS area throughout the du-
ration of the study in order to determine the
acceptability of the technically feasible water
supply programs developed in the course of
the work. Final formal public meetings on the
long range programs were held in March
1976 in each of the three critical areas. The
Interim Report was the basis for the hearings
and itincluded a “decision tree’ foreach area
consisting of “'branches’, or alternative ar-
rays of programs to meet water supply needs.
The programs shown in this Summary Report
have been revised in accordance with the
comments and views of local officials and
interested parties expressed at formal public
meetings, at informal information meetings,
and by written communications.

In addition to meeting the primary objective of
meeting water supply needs other planning ob-
jectives have been considered.

Reliability: The ability to assure adequate quan-
tity and quality of water supplies during condi-
tions of severe drought.

E
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Flexibility: The capability of being altered to effi-
ciently accommodate future changes in projected
water demands, and economic, envirecnmental,
social and technological factors.

Timeliness: The capability of being implemented
in time to meet water supply and other needs as
they occur.

Equity: The ability to provide for the equitable
distribution of the benefits and costs of natural
resources development,

Planning Premises

As stydy and planning for the three most critical
areas progressed, a number of basic general
premises were developed based on data and evi-
dence collected by the Corps of Engineers and
other Federal, state and local agencies. Those
relevant to this report are:

¢ The net effects of continued population and
economic growth will be to create correspond-
ingly greater demands for water supply, only
slightly offset by increased use of water saving
fixtures and appliances.

» Water supplies will be significantly increase.
by deliberate indirect wastewater reuse, for in-
stance, by returning treated wastewater to sur-
face and ground water sources of supply but di-
rect reuse of wastewater wiil not be generally
acceptable during the time frame of this study.

® There will be no changes in the ownership of
existing water supply utilities. However, in cer-
tain areas the merging of small public systems
into larger regional systems may increase effi-
ciency.

e Droughts will continue to occur periodically
and public demands for water will be met.

o Demands cannot be materially reduced
through legislation or changes in water use
habits prior to the mid-1990’s, except where im-
portant elements in good water system man-
agement are lacking such as metering and effec-
tive leakage monitoring and control. Prices would
have to be increased to several times current
levels to appreciably reduce demand if pricing
alone is made the basis of a conservation pro-
gram. New data on the effectiveness of water
charges will becomne available from several parts
of the country in 1978 and later.



CHAPTER 2: THE DEMAND FOR WATER

Water is such a readily available resource that it s
ganarally taken for gramted. To the average per-
son, water s liks air — something that is simply
there to be used routinely for amy purpose and in
any quentity necessary, 1ts abundance is sotakan
far granted thatit appearain a cliche: Free spend-
ars are said to “spend money like it's water,”™

Mat until water bacomes scarce, ar temporarily
unavailable, does the individual realize how de-
pendent he is on water in hia everyday life.

Health, sanitatian, and personal cleanlinass all
depend on water, Business and industries em-
playing millicns of workers, and providing goads
and sarvices for additional millions, could not
function without plentiful water for manufactur-
ing processes and cooling. The urban and subur
ban environment, with its treasured green
spaces, parks, lawns, and gardens, would suffer if
man did mot eupplement nature's rainfall, Munic-
ipal health and safety services such as strest
cleaning and fire fighting could not exist withaut
adequate water,

Whan watar becomes searce during droughis,

almoat everyane suffers economic lasses, as well
&5 reductions in standards of living. This i aspe-
ciglhy true in large metropolitan areas where the
prablam is magnified by large populations and
complex organizational authorities involvad in
watar aupply.

Linfortunately, droughts, like heat waves, ara
natural weether events that reoccur at randam
intervals through the years, A study of NMew York
rainfall records shows a history of droughta as
wiell a8 excesses [see Figure 2-1}). These records
are an example of periodic rainfall deficiencias
throughout tha Northeaat. Although much of the
Maorthesazt has enjoved & perlod of excess sainfall
in recent vaars, it is certain that rainfall deficien-
ciaa will ocour in the three maost eritical areas at
Infervals in the future,

The drought in the Northeast during theé early
1960°'s presented a classic axample of the ramifi-
catione of & water ahortege. Water supplies
dwindled and drastic emergency measures had
to be taken to husband remeining supplies. More
than 14 millign of the 50 millllon persons living in
the Mortheast wara restricted in their water use

55_
=
e &l
=%
o
=2
=2z
2T =
F 4
-

AUG

40 -

M-

e [ENDESS
DEFRCUENLCY

L) (40| 1550 1asb 1§

FE&R
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FIGURE 2-2. HISTORIC PER CAPITA WATER CONSUMPTION — MEW YORK CITY

and sutfered personal discomfart, inconvenienoe
and economic disturbance. Figurg 2-7 shows a
reduction ir per capita wator Consumption in
Meow York of approximataly 18% during the
1960°s drought and similar reduction during
other droughts, This pattern of reduction is fairly
typical of the par capita consumption curves dis-
played by ather argas. It can also be notad that
per capita consumplion gquickhy returns o or ex-
ceads the long-terrm trand line showing a slight
rate [} gpodier] of increase over tirme, Even with
rigidly enforced restricticns, many urban centers
carme dangerously closs to running completely
out of water during the 1960°% draught.

Sinee the drought endied in the middie 1960°,
unly one major water supply project has been
Builtinthe Mortheast and that was 2 rmodification
af thee existing Round Valley Reservair by Mew
Jersay o incréase yield by BO mgd, No other
maeor water supply projecis have been built ta
serve the three most critical arsas. Many watar
sys5tems inthe three most critical aress today find
themselves routinely supplying more water than
thay could in a drought. For instance, the New
York City system has a sefe vield, based on the
1260 drought, of abeut 1300 mgd. Yet in 1976
1he awerage consumption was 1,470 mgd and it
has been higher in previcus vears,

-~

e

In Morthern Mew Jersey, the Hackensack Watar
Company has a safe vield of 82 mgd. Itz 1976
awerage consumption was 98 mgd. The Newark
Water Supply Svstem in 1978 saw consumption
reach 85 mygd, a full 36 mgd abowe its safe yield of
&0 mgd,

In the Washington, DUC. Metrapolitan Area, in
1576, the peak one-day water consumption from
the Potamac River was 400 mad. In 1974, the peak
erne-day demand had reached 438 mod, By con-
trast, a minimurm recorded one-day Potoma
River discharge of 342 mgd occurred in 1966 as
rmzasured at Point of Racks, B,

Thie Metropaolitan District Commission i Boston
ir 1976 delivered an average 317 mgd with a
systern that has a safe yield of anly 300 mgd.

Water use in a region is largely determined by
population, parsanal incoeme and the types and
extant of industrial activity. The relationship bet-
ween these parameters and the amaunt of water
used in the critical areas was studied in order o
gstimate future per capita water use. Projections
by the Office of Business Economics of the LS.
Cepartment of Commerce of population, per-



sonal income and earnings by manufacturing in-
dustries for 1he entire Northeast were usad in tha
study and are shown on Figure 2-3.

If growth could be abated by not supplying addl-
ticnal water, na new solutions for watar supply
willd be necessary. Unfortunetely, growth gen-
erally occurs with iittle attention given 10 the
quantity of water available under drought condi-
tens, Developers and the general public appear
to ba optimists regarding water supply and
grawth continues as if normal or mon-drought
yaar supplies would always be avallable. Many
utilities, congequently, maintain service during
ngfmEl or weat vears that could not be austained

CRITICAL NEAR TERM

TIME PERIDD

under drought conditions,

NMEWS studias based on moderate growth and
use prajections indicate that the gap beteeen
available water supplies and use, even in non-
drought ywears, is narrowing parceptibly. Thare-
fore the next major drought toaccur in any of the
three mast critical areas will have mora savere
impacte than the 1960's drought. The cuzhlon
between safe yield and uge was thin then; it is
gork: now. Mot only is the population growing,
but it is using Mmare water per capita now thamn in
the 19603 because of the growing domestic and
industrial imveatment in  watar-using, work-
aaving devices.
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CHAPTER 3: WATER USE REDUCTION

When supply and demand are out of balance, one
or the other or both, can usually be adjusted to
restore the balance. Such weuld appear to be the
case with water supply and demand. When the
population demands more water than is availa-
ble, then either the supply must be increased to
meet the demand or water use must be equitably
reduced to the level of available supply. Neither
step is easy to implement, but both were investi-
gated.

Reduction in Use

Restering the supply-demand balance by control-
ling use would appear to be a satisfactory long
term solution to a water shortage probiem. There
is, however, no proven technigue for implement-
ing this step. Long term use control has never
been attempted in this country and the equity of
applying restrictions to one region and not
another would have to be carefully considered.

However, there are a variety of tools available to
reduce water use.

Water Conserving Plumbing Fixtures,
Pricing,

Industrial Controls,

Leakage Control,

Zoning Controls on Growth, and
Public Education Campaigns.

I A

As we become more aware of our natural re-
source shortages and become more conscious of
the needs to conserve them, these tools will be
more intensively used. The problem of resource
conservation is most critical in major metropoli-
tan centers. New sources of water are, with cur-
rently available technology, normally well
beyondthe jurisdictional boundaries of the urban
centers. Development of these sources requires
authority beyond whatthe {ocal area usually pos-
sesses and is costly. Conservation technigues are
a viable method of reducing the urgency for these
developments.

The responsiveness of users to these conserva-
tion practices will depend largely on the nature of
the area in which they are applied. For example,
pricing may be very effective in reducing use in
an area where the housing is primarily suburban
in nature and in which there is limited rainfall and
high temperatures. These factors would gener-
ally indicate greater outdoor uses of water and
these uses are sensitive to pricing policies.

In an area with greater density and more multiple
qnit dwellings, pricing would be much less effec-
tive in reducing water use. As a result, the deci-

sion as to which of these policies should be ap-
plied should be made on an area by area basis.

If the metropolitan centers are to avert water
shortages, it is likely that they will have to imple-
ment conservation measures. For example, New
York City, Nassau and Westchester Counties
would have to reach beyond their boundaries for
any new water sources. The nearest padtential
source areas, the mid-Hudson counties| have
agreed that the metropolitan center must he me-
tered and must attempt to conserve water before
new source development is allowed to proceed.

NEWS projections of water use reflectas much as
a 250 percent increase in industrial recirculation
in critical areas. Additional reductions in future
water withdrawals for industriai use can be ob-
tained if state and local authorities require great-
er industrial recycling. This is, however, difficult
to implement since industries may leave an area
if forced to use costlier processes. Domestic use
can be reduced by intensive education programs
butthe public may not be willing to change habits
in any but drought years.

Permanent reductions in demand are attainable
through improvements in water using equipment
and processes. Such water economies can be
encouraged in new facilities or incorporated dur-
ing rebuilding or refurbishing of existing domes-
tic, commercial and industrial facilities.

Since the cost of installing water saving fixtures is
high in existing structures, itis likely to occur only
in new or renovated structures, and not in exist-
ing facilities.

Institutions exist on the local level to carry out
permanent demand reduction through the adop-
tion of new plumbing codes and changes in water
metering and rate setting. Thus these changes
can be implemented without new institutional
arrangements.

Institutions also exist at the local level for the
control of growth through zoning or taxation. ltis
unlikely that these authorities could be applied
effectively throughout any of the three most criti-
cal areas because of overlapping jurisdictions. If
applied in one locality, growth would be shifted
to another nearby locality resulting in similar
overail demands for the entire area.

Changes in the price of water could be effective in
reducing overall demand. However, as indicated
above, the nature of the area would determine
the effectiveness of the price change. In some
areas price would have to be raised in multiples
of 100 percent to have a significant effect. At such
price levels, questions of equity have to be consi-
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dered. Large price increases have broad implica-
tions concerning windfall profits, tax structures,
the possibility of discriminating against less af-
fluent segments of the population or against cer-
tain geographic areas. The ability to implement a
demand reduction pricing policy covering both
publicand private utilities as well as diverse polit-
ical jurisdictions remains an unsolved problem.
Whether the technique can be fairly and justly
applied to water supply is a question that will
have to be answered in investigations beyond the
scope of this study. Until resoived, pricing as a
means of reducing or limiting use on a perma-
nent basis must be evaluated separately for each
area.

Public education campaigns have the potential
for being an effective tool for reducing use. In-
stitutions exist at the iocal level to carry out this
type of effort. However, the effectiveness of this
device in reducing use is virtually impossible to
quantify at the present time. The success of anti-
litter campaigns in certain metropolitan centers
indicates that the technigue can have value by
raising the consciousness of the public to the
objective.

Temporary Use Control

In emergency or ¢risis situations a temporary re-
duction of 10% to 25% in peak daily use can be
accomplished through either voluntary or man-
datory restrictions. This technique of reducing
water use can be readily employed, but only suc-
ceeds when a real emergency exists and people
are willing to make sacrifices to meet the
emergency.

_ Voluntary restrictions normally result in smaller
reductions than mandatory restrictions. How-
ever, neither method is considered likelyto pro-
duce enduring major reductions in water use.
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Time restrictions would include prohibitions on
certain water uses during certain hours, thus re-
ducing peak use to more manageable levels.

Use related restrictions involve outright prohibi-
tions of such water uses as lawn or garden water-
ing, washing of cars or streets, operation of or-
namental fountains not fitted with recirculating
devices, filling of swimming pools and use of air
conditioners with once through water cooling.

Some temporary reduction in water use might
also be obtained by reducing the operation of
water using utilities. For instance, if restrictions
were placed on the use of electricity, portions of

" power plants needing large amounts of cooling

water could be shut down.

Whatever the method or methods selected, they
must be reliable if they are to successfully reduce
water use. Water restriction drills during periods
of normal water availability could be considered
a necessity. In addition, restrictions should affect
all consumers equitably, and institutional ar-
rangements must provide for rapid and certain
enforcement of use restrictions.

Summary

If the four key tests mentioned in Chapter 1 are
applied to the concept of reducing water use, this
proposal is not without problems. Use reduction
is not known to be reliable for long periods, since
it has not been tried. Neither permanent nor tem-
porary reductions can be instituted in a timely
manner without the full and immediate public
cooperation that comes from practice. Neither
offers flexibility - the use of water cannot be
turned on and off at will without creating severe
economic, political and social shock. Moreover, it
is difficult to be compietely equitable to all water
users when applying restrictions.



CHAPTER 4: SUPPLY INCREASE

If the ues of water cannot be curtabled sufflebently
o balance the supply-demand equation, thenthe
ocnly possibla altarnetive ia to increase the sup-
plisa evailable. The Northeastern United States iz
blessed with abundant undeveloped water ra-
sources capable of being developed to provide
adequate water 1o meet demand, However, the
competition batween users has delayed critical
development. The evallable sources are: Systern
Improvements, Surface Water, Ground Water,
Waktewatar and Salt Watar.

In consldering which sources of watar should be
employed and which methods used to develop
those sources, It should be Kept in mind that
water uge i$ cyclical. Figura 4-1 shows the varia-
tions in water use for Mew York City owver the
course of a year, Water use varies even more
sharply from hour to hour, end dey to day.

Cyelical uge is an im portant element when astab-
lishing the dasign basie for projects and pro-
grams to mast water demands in the future, Res-
ervalrs, for exampla, hava large storegae vol-
umes and can meest short ferm peak demands
evan thaugh their design is primarily to meet
average demands over 8 long period of time.
Convarsely, water systems that draw directly
from a river must ba dasigned so they can meat
short term, paak demands, since thera is no stor-
age or reserve Wpon which to draw,

System Improvements

Cne of the fastest ways to increase available sup-
pliee, using ex|sting systems is by interconnact-
ing those systemns to assist im balancing short
term peak damands. Pipelines and pumping sta-
ticna at key points can then shift water betwean
Systams and thua better use in-gystem storage,
Significant increases in yield can be made when
intercannected systama include ome with & reser-

woirand another with a larga atream available for
high flow skimmiling. When two aor mare systems
having these features are connectad, sach can
depand substantially on tha high flow skimming
equipment when river flow i suMicient, then
each can swilch to the reservoir when natural
streamn flow ia low.

The pu mping stations and pipaline or tunnal sys-
tams maaded to shift water in an intarcannected
system are likely to be large and expensive, Haw-
evar, because intarconnection can be accom-
plished uaing axisting eyetarna emd through exist-
ing instltutlons, this methad of Increasing supphy
can be implamented more gquickly than naw
sources cen be devaeloped.

K intarconnection is not feasible, new sources of
wiater aupply rmust be developed. The majar feew
sources of water lor géach of the three most critical
areas gra aurfece and ground wwater, trested
wastewater and salt watar.

These aources cen ba developed by using resar-
wiirs, river Intakes, wells, wastewater renovation
plants or desalting plants,

Surface Watar

Surface wates can be developed a3 nesded with
fiver intakes, or itcan be impounded in rasarvoirs
for later use. Resarvoira vary widely in size, use
and location. They can be used to store water for
direct use via pipeling or tunnal or to augment
straam flows for increased down stream use,
High flow skimming water from a stream
pumped into an off stream reservoir, is &lso fre-
quently em poyed.

The location and size of reaenvairs are genearally
dictated by a combination of topography and
urban developmant. Suitable sitaa for small Fe-
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servoirs can occasionally stilf be found in or near
the metropolitan centers they would serve. Large
reservoirs, however, must be located away from
highly populated metropolitan areas because
few lightly populated and topographically suit-
able sites remain in those areas.

Large reservoirs create complications that have
nothing to do with the design or yield of a reser-
voir, but rather involve controversies between
political jurisdictions and institutions. Usually
these jurisdictional questions can be solved only
by the intervention of the state or Federal Gov-
ernment which must decide whether water users
in one river basin can go beyond their political
boundaries and into another area or watershed to
get water. Settling jurisdictional disputes, of
course, often takes years.

When alarge reservoir project involves the trans-
fer of water from one major river basin to
another, the effects on both donor and receiver
areas must be carefully evaluated. Obviously, tak-
ing water from a river basin will have an effect on
the basin. The additional water in the receiving
basin will also have an effect on that basin’s riv-
ers. Consideration must be given to both benefi-
cial and adverse consequences associated with
major alterations to stream flows in both basins.

In summary then, small reservoirs, if they can be
located close to the users, can often be built fairly
quickly without major jurisdictional complica-
tion. Their individual safe yield, {amount of with-
drawal that can be sustained during the design
drought) however, is necessarily small. Large re-
servoirs, because of their size and because they
usually must be built away from the user area,
take a correspondingly longer time to build. They
do, however, provide a supply which will be ade-
guate for a longer period of time.

One source of controversy regarding reservoirsis
their land requirements. Generally, several small
reservoirs are not as efficient in terms of land
requirements for a given safe yield as one large
one. They usually reguire more land area to ob-
tain an equivalent storage volume. Just as 100
store owners can band together and build a
shopping center on less land than it would take if
each of them built on a separate plot with a sepa-
rate parking lot and access road, so can a large
reservoir impound more water using less land
than many small reservoirs.

The tidal lower reaches of rivers, or estuaries, are
often overlooked as sources of water supply. The
freshwater portions of estuaries, {the upper sec-
tions not centaining significant amounts of salt)
are potential sources of water for coastal met-
ropolitan areas such as Washington and New
York. These are, unfortunately, often grossly pol-
luted by untreated or poorly treated wastewater

12

discharges and storm water runoff.

With the accelerated abatement of water pollu-
tion mandated by the Federal Water Pollution
Control Act Amendments of 1972 {Public Law
92-500), estuaries may become more useful
sources of additional supply in the future.

Estuaries can be used before the zero pollution
mandate by Congress becomes effective, by
withdrawing the water and treating it in conven-
tional water treatment plants before putting it
into a distribution system. Because conventional
treatment plants are not designed to treat water
that is as highly polluted as may be found in many
estuaries, this method involves certain public
health risks. It may be acceptable to live with
those risks for limited periods of time in an
emergency, but not for longer periods. This
method, however, may be implemented in a
fairly short period of time by existing institutions.
Advanced waste treatment methods can render
virtually any water potable.

The Congress has authorized a large pilot or pro-
totype treatment plant on the Potomac estuary to
determine the safety and feasibility of a variety of
techniques to use estuary water as a potabie
water supply source. Construction beganin 1977,

Ground Water

Another major source of additional water supply
is ground water. Large ground water sources
exist near metropolitan areas lying in the coastal
plains of the Northeast. Well fields to tap such
aquifers are technically feasible and can be built
as needed. A typical system will normally include
pumps at the well heads, chlorination equipment,
pipelines to distribute water and perhaps small
reservoirs and pumping stations along the dis-
tribution line.

Large amounts of energy must be provided torun
the pumps, and back up power systems, such as
diesel-fuel generators, must be built to provide
power for the pumps in case of electrical fallure.

Although ground water development offers
speed and efficiency of construction, it also has
drawbacks. Ground water may be the property of
the owner of the land over it. Before groundwater
can be withdrawn, individual property rights
must be considered, since withdrawal of large
quantities of water from an aquifer may cause
other wells in the aquifer to go dry. Major legal
complications can arise in such cases.

Ground water development aiso requires the pro-
tection of the aquifer recharge areas. Since aquif-
ers flow under the surface for many miles it is
possible that contaminants entering the ground
water miles away could flow through the aquifer
to the well field, thus contaminating the water.

.



Wastewater

Another source of additional water that can be

used to meet increasing demands in the three
most urgent areas is treated wastewater.

Indirect wastewater reuse is neither new or un-
usual. It is not unusual for one community to
dump partially treated or even untreated waste
water into a river that is used as a source of water
supply by downstream communities. Neither is it
unusual for communities to rely heavily on
ground water as a source of supply while at the
sametimerelying on septic tanks or cesspools for
wastewater disposal. The effluent from such dis-
posal systems is only partially purified before
entering the aquifers that provide water supply.

The dilution of wastewater dumped into a river,

the chemical and biological reactions that take

place as the water travels downstream, and the
filtering of septic tank effluent through layers of
soil, provide some natural purification. This
treatment is, however, haphazard and does not
guarantee that the water is entirely safe to use.
The fact that more public health problems have
not resulted from this practice is due more to
good luck than to goed planning.

Indirect use of wastewater can be made safe by
employing carefully controlled and planned
methods such as advanced wastewater treat-
ment (AWT) plants or land treatment of waste-
water.

AWT plants whether using biological or
chemical-physical processes, can produce ef-
fluent that is eminently suitable for indirect water
supply use. The effluent from an AWT plant can
be safely discharged into a stream or surface
water body that is used as a water supply source.
While the emphasis and interest in AWT plants
has in the past centered on their role as a pollu-
tion control teol, their usefulness as a viable
source of water supply cannot be overlooked.

Land treatment is another method of iﬁdirectly
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using wastewater for water supply. In this
method, treated wastewater is applied on the
land in an even and controlled manner, and the
land itself becomes a treatment and filtering
medium. Thus the groundwater isrecharged with
clean water. This method requires substantial
tracts of suitable land that may be very costly and
reguire extensive periods of time to acquire. Land
treatment can also be a means to complement
land use planning objectives by providing open
green space and improving agricultural yields
through its irrigation and fertilization benefits.

While deliberate indirect reuse of wastewater
may be possible in a short time, direct reuse is
another matter. Direct reuse, that is, putting
treated wastewater directly into a water supply
system, involves the construction of AWT plants
to treat wastewater to such a high degree of pur-
ity that it would be potable.

Direct use of AWT effluent has not been practiced
in this country and is barely advanced beyond the
experimental pilot plant stage here. One city in
South Africa, however, has used AWT effluent as
a direct source of water supply, but the method

cannotyet be accepted as fully proven for general

application.

Virus contamination and build up of dissolved
solids present problems in dealing with direct
reuse. Also, since the AWT plant would be con-
nected directly with the water supply system,
there would be no time lag in which to detect and
correct any malfunction inthe treatment process.
Therefore, the highest degree of reliability is re-
quired. Until these problems, as well as opposi-
tion because of the general attitude toward direct
reuse are overcome, this method of water supply
must be deferred to the somewhat distant future.

Salt Water

The final potential source of additional water to
meet growing needs is salt water. Desalting is a
technically feasible option, but its application is

TREATED WASTEWATER USED FOR SPRAY IRRIGATION
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limited by both energy demands and the high
costs of building and running such a plant. Desalt-
ing plants are large industrial complexes thatcan
be expected to run the gauntlet of social and
aesthetic problems usually associated with large
industrial installations. Desalting also produces
large quantities of a waste product, hot brine, that
must be disposed of in an acceptable manner.

Existing institutional and legal frameworks can
generally implement this method to increase
suppiies, especially in areas where coastal indus-
trial complexes already exist. However, the high
cost and relatively exotic nature of this technol-
ogy probably preclude its quick implementation.
Desalting is expensive in comparison with other
sources of potable water.

Safe Yield

The safe yield of a water supply system is that
amount of fresh water, expressed as a rate of
flow, that can be continuously supplied during a
specified drought. The worst drought of record is
being used as the basis for planning in the NEWS
Study, and in most sections of the Northeast this
is the drought of the early 1960’s. Safe yield can
be increased by providing storage in manmade
reservoirs or developed from the naturai storage
areas of lakes, aquifers and estuaries. Yield can
alsc be developed from water which is im-
mediately at hand flowing by in a river or from
converted wastewater and sait water.

Safe yield for each new supply source is briefly
defined as foliows:

Systems Improvements — Safe vield is the ex-
pected incremental amount of supply improve-
ment under drought conditions expressed as a
rate of flow.

Surface Water —Safe yield is the lowest natural
streamflow supplemented by storage releases
that can be maintained continuously for the dura-
tion of the design drought. Safe yield may be
limited by the size of intakes or treatment
facilities.

Ground Water—Safe yield is the maximum draft
that could be continuously supplied by pumping
on & long term basis during a drought. It is
theoretically the natural recharge less losses and
outflows from the aquifer.

Wastewater — Safe yield is the amount of the
source available, less losses in the treatment and
recovery process.

Salt Water — Safe yield is limited only by intake
and treatment facilities.

As the demand for water approaches the safe
vield of a water supply system, greater efficiency
must be used in the day to day operation of an
“immediately at hand’’ system as opposed to op-
eration of a “storage” system. Until a storage
system is either empty or almost empty, it can
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temporarily meet cyclical demands higher than
designed for by drawing on stored reserves,
since demands wiil have the tendency to average
out during cyclical periods, of lower than average
use. This flexibility is notinherent in a system that
relies on water immediately at hand. If a river
intake, flow or water treatment plant are not large
enough, demand simply cannot be met. If this
happens, resultant pressure drops can suck con-
taminants back into the water lines causing pub-
lic health problems, and random parts of the
water system will lose fire fighting capability.

The New York and Eastern Massachusetts-Rhode
Island Metropolitan areas rely heavily on provid-
ing safe vyield through storage, while the
Washington Metropolitan Area relies primarily
on water immediately at hand in the Potomac
River. Water supply programs for the Washing-
ton Metropolitan Area, therefore, must be able to
deal with short duration peak deficits during a
drought as well as with the longer term overall
deficit that develops for an entire drought period.
The water supply programs for the Washington
Area shown in chapter 6 are therefore based on
deficits both for a long drought period over 30
days, and short term peak deficits for various
time periods less than 30 days. Onthe other hand,
programs for the New York and Eastern
Massachusetts-Rhode Island areas shown in
Chapters 7 and 8 are based only on deficits for a
iong term drought period.

Summary

System improvements, surface, ground, waste
and salt water, then, are the sources that can be
tapped to increase water supplies to meet de-
mand in the three most critical areas. Each has its
drawbacks and its advantages. Some sources are
readily accessible, some are distant; some may
be developed quickly, others will require long
lead times. Some methods are costly, others less
expensive. Some methods are proven, others
need work to resolve their technical probiems.

Each source, each method, will have its oppo-
nents and supporters, but ifthe demand for water
is to be met in the three most critical areas of the
Northeast, each and every source and method
must be weighed against the consequences of
not meeting demand.
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CHAPTER 5: WATER SUPPLY AND OTHER PLANNING OBJECTIVES

Water is so imporiant to our standard of living,
the population is so dependent on it, that any
decision involving water attracts attention from
considerable numbers of people. Each person
who becomes involved in the decision making
process, no matter how informally, brings with
him a slightly different viewpoint on which im-
portant considerations must be taken into ac-
count in that decision making process. These ap-
parently conflicting viewpoints are often differ-
ences in emphasis only. For instance, one person
may feel that the cost of a water supply project
should be the determining factor in decision mak-
ing. Another may agree that cost is important, but
that tHe most vital consideration should be the
reliability of the project to meet demands, and so
forth.

In other cases, the difference of opinion over
what should be the determining factor in select-
ing a source of additional supply, or a method for
tapping that source, is sharp and apparently not
reconcilable. A person who thinks cost should be
the determining factor may face a head-on colli-
sion with another who feels that environmental
quality should be the determining factor, regard-
less of the cost.

Such differences of opinion over what should be
key factors in decision making must be consi-
dered in drawing up alternative solutions to
water supply problems. It is presumed, as stated
earlier, that the water supply demands of the
three most critical areas will be met, but o pres-
ent solutions that simply meet that goal conve-
niently or expeditiously, orinthe mosttechnolog-
ically feasible manner, would be to ignore the
additional considerations thatfigure prominently
in local decision makers’ thinking.

In discussing the NEWS Study work with indi-
viduals in the three most critical areas, some uni-
formity of additional considerations was found.
Most local officials mentioned low risk, limited
cost, environmental impact, control of growth,
and a regional focus as being vital considerations
that officials and interested citizens would like to
consider while meeting water supply demands.
In addition to provision of an adequate water
supply the following planning objectives were
considered. The first four are described in Chap-
ter 1 and refined definitions are given here.

1. Reliabifity: the ability to assure adequate
quantity and quality of water supplies during
conditions of severe drought.

2. Flexibility: the capability of being altered to
efficiently accommodate future changes in
projected water supply demands, and
ecohomic, environmental, social and tech-
nological considerations.

3. Timeliness: the capability of being im-
plemented in time to meet water supply and
other needs and to provide for orderly de-
velopment of projects to meet additional
water supply demands in the future.

4. Fquity: the ability to provide for the equitable
distribution of natural resources and distri-
bute in a reasonable and logical manner the
economic, social and environmental costs of
providing adequate water supplies, as well as
to compensate equitably those who relinguish
water or land rights to meet the water de-
mands of others.

5. Cost: meeting of water demands at the least
monetary costs, considering both capitai in-
vestments and operation and maintenance
expenditures.

6. Environmental Quality: maintenance or en-
hancement of existing conditions as a result of
the impact of a project.

7. Regional Focus: use of water from a single
source over as wide an area of need as is
efficient.

8. Growth Control; tendency of water supply
programs or projects to complement local
plans to influence the rate andlor distribution
of population growth in an area.

Regional programs to meet the water supply de-
mands for each of the three mostcritical areas are
presentedinthis report. Each combination of proj-
ects will meet the demand for water and is also
designed with consideration for local planning
objectives. Different local planning objectives
will consequently be met to greater or lesser de-
grees among the alternative regional water sup-
ply programs.

Decision Making

To simplify the comparison of different projects
and combinations of projects, they are presented
in the form of decision trees for each of the three
most critical areas. Each branch of each decision
tree illustrates one of the possible means to meet
the ultimate goal of supplying sufficient water to
meet demand, and at the same time complement
or partially satisfy one or more other objectives of
the area.

It should be noted that, in comparing the pro-
grams on decision tree branches, one objective
can generally be satisfied only at the expense of
others. Projects designed for least cost, for in-
stance, might be found less satisfactory for other
objectives such as environmental impact or flexi-
bility. A program to emphasize those objectives
would amost certainly be more costly.
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Despite the large numbers of technically feasible
projects available in each of the three most criti-
cal areas, it is not possible to satisfy all objectives
in each area with one water supply program nor
has an objective measure of success been de-
vised.

The next three chapters of this report will present
sources, projects and illustrative combinations of
projects. No attempt is intended to advocate any
particular project or combination of projects, or
any sequence in which they should be built. The
purpose here is to lay out the various alternatives
so that the people of the three most critical areas
might more easily see the choice of actions avail-
able to them.

Cost Sharing

An important consideration for any regional
program for water supply must be the financial
and cost sharing arrangements that might be
used to bring it into being.

For projects proposed for authorization under the
NEWS authority, it has been considered equita-
ble for local interests to assume operation and
maintenance and to repay to the United States
over a 50-year period, in accordance with the

16

1958 Water Supply Act, all construction costs ex-
pended by the Federal government with interest
at the rate prescribed by the Water Resources
Council for water supply projects.

In the Interim Report, costs based on Federal
financing were compared with costs based on
financing at local rates of interest and amortized
over the 35-year period normal to local govern-
ments. The purpose was to assist local officials to
determine whether there were any near term reg-
ional projects which they wished to have consi-
dered for detailed pre-authorization study by the
Corps of Engineers. In only one area, the NYMA,
was a request for such detailed investigation
made. The resulting report on the Hudson River
Project is contained in the Appendix to this
Summary Report.

Energy

in view of the recent energy crisis and the criti-
cally low generating capacity reserve in much of
the Northeast, energy requirements for the oper-
ation of projects have been considered. As arule,
systems which deliver raw water by gravity re-
quire less energy than systems which deliver
water by extensive water treatment and pump-
ing.

TN

e



SRR TRESRE S HOy Bl T £ 4
s B e, Do L line S0 Bog o k g g,
W g g g0 Wy Brovy Wi o Pa 5 W e ] ; i ; £ i
et e M e 0 S S ST T B 8 B T R B
jat Fp Ll t L S AS bl S S A St T ST L A B L e T iy T

. r%% %w% o a@%&wwﬁw% T 1Y

@&W@W &

© = o \ =
— O = IRRE Y
a, = .,
A m N 3 m\-~
r o < )
O < _Hl_ 2/
= o
= T o
— ] S
z g ¢
— y,
m <




X
w@w@w

LOUDOUN CO.

3 E

L 4

L

=z
O
-
Q
2
-l
=4
<

LR %ﬁ

0

FAIR

ELel

B

Wl

e

WiLLIAM

3

e T
s 4
’“’%ﬂ%

@’@- 2

S

#
o

*@i‘ @&&;
Q o

e
Wjﬁ
e

Wi

ﬁ'é&
¥

£
)

A

Li
¥

£

i

&
A

s
L N

s

R

i
o

it

CHARLES CO.

2
AR Y
tRntuninel

LN L
it

B

3




CHAPTER 6: THE WASHINGTON METROPOLITAN AREA (WMA)

BACKGROUND

Recommendations to meet the immediate water
supply needs of the Washington Metropolitan
Area (WMA) have already been made to the Con-
gress as part of the NEWS Study. The recom-
‘mendations are contained in a report, “Potomac
River Basin Water Supply—An Interim Report,”
dated Apri!, 1973.

These recommendations are:

e Construction of the Verona Dam and Lake in
Virginia and Sixes Bridge Dam and Lake in Mary-
land to meet the near-term demands with the
proven technigue of reservoirs.

e The construction of a pilot estuarine water
treatment plant to determine the technical feasi-
bility of full scale use of the estuary for water
supply, and to investigate the public health risks
related to use of the estuary.

As a result of these recommendations Public Law
93-251 authorized the construction of the pilot
estuarine treatment plant and Phase | of ad-
vanced engineering and design of Verona Dam
and Lake and Sixes Bridge Dam and Lake. Further
authorization of Sixes Bridge Dam Project is con-
ditioned upon completion of the Metropolitan
Washington Area (MWA) Water Supply Study
also authorized in Public Law 93-251.

These steps and construction of Bloomington
Dam and Lake expected to be completed in 1980
or 1981, constitute the first actions to solve the
more immediate water supply problems of the
WMA. However, this chapter presents alterna-
tives to all projects except construction of
Bloomington Lake.

The alternatives presented have been based ona
number of other NEWS studies done for the
WMA and referenced in the Annotated List of
NEWS Reports. Much of this work was sum-
marized in a staff reportissued in April, 1974 and
circulated in the Washington Area. Recent public
feedback and technical studies have provided the
basis upon which a further consolidation of these
alternatives has been made. The *“NEWS
Washington Metropolitan Area Water Supply
Study"” report was issued in November, 1975 and
provides a basis upon which the ongoing WMA
Water Supply Study can proceed.

AREA PROFILE

The Washington Metropolitan Area lies primarily
within the Potomac River Basin with its eastern
section in the much smaller Patuxent River Basin.
The WMA encompasses land and water in the
states of Maryland and Virginia and the District of
Columbia. It covers 2800 square miles and con-
sists of Montgomery, Prince George's and

Charles Counties in Maryland; the District of Col-
umbia: the Cities of Falls Church, Fairfax, and
Alexandria, and the Counties of Loudoun, Fairfax,
Prince William and Arlington in Virginia (see Fig-
ure 6-1).

The WMA deserves special consideration be-
cause it is the Nation’s Capital, a regional center,
and because of the magnitude of its water supply
problems. This area is designated as a Standard
Metropolitan Statistical Area (SMSA) for the pur-
poses of census data collection. The 1970 popula-
tion of about three million represents 2 39 percent
increase over the 1960 level and makes Met-
ropolitan Washington the seventh most popul-
ous SMSA in the country. Population projections
for the area show 3.7 million persons by 1980,
and 6.8 million persons by 2020 (see Table 6-1).

WATER DEMANDS

Demands for water in the WMA are based on
projections, through 1992, by the Metropolitan
Washington Council of Governments (COG}.
They were modified by adding Charles County,
extension to 2020 and downward adjustment of 1
mgd per year for water saving devices assumed
to become required by local building codesin the
future. Resulting regional demands are shown in
Table 6-1.

A fairly stable per capita demand for water is
expected for the WMA between 1980 and 2020.
This is due to two factors: first, little increase is
projected for water using industries; second, itis
a high income area with a resulting saturation of
domestic water-using appliances. Consequently,
the increase in per capita use expected in many
areas of the country due to increased use of such
appliances is not expected in the WMA.

AVAILABLE WATER

A number of raw drinking water sources were
considered for the WMA. However, the costs and
legal complications invoived with major inter
basin transfer projects, such as from the Sus-
quehanna or Rappahanock, indicated that the re-
latively undeveloped nearby sources should be
considered first.

Potomac River

The largest single water resource within the
Washington Metropolitan Area, the Potomac
River, has an average discharge at Point of Rocks
of 5,975 mgd. Beginning in the mountains of
Waest Virginia, it flows north in Maryland, and
then generally southeasterly toward Washing-
ton, D.C., for 248 miles, to Little Falls, becoming
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CHAPTER 6: THE WASHINGTON METROPOLITAN AREA (WMA)

BACKGROUND

Recommendations to meet the immediate water
supply needs of the Washington Maetropolitan
Area (WMA) have already been made to the Con-
gress as part of the NEWS Study. The recom-
‘mendations are contained in a report, “Potomac
River Basin Water Supply—An Interim Report,”
dated April, 1973.

These recommendations are:

e Construction of the Verona Dam and Lake in
Virginia-and Sixes Bridge Dam and Lake in Mary-
land to meet the! near-term demands with the
proven technique of reservoirs.

e The construction of a pilot estuarine water
treatment plant to determine the technical feasi-
bility of full scale use of the estuary for water
supply, and to investigate the public health risks
related to use of the estuary.

As a result of these recommendations Public Law
93-251 authorized the construction of the pilot
estuarine treatment plant and Phase | of ad-
vanced engineering and design of Verona Dam
and Lake and Sixes Bridge Dam and Lake. Further
authorization of Sixes Bridge Dam Project is con-
ditioned upon completion of the Metropolitan
Washington Area (MWA)} Water Supply Study
also authorized in Public Law 83-251,

These steps and construction of Bloomington
Dam and Lake expected to be completed in 1980
or 1981, constitute the first actions to solve the
more immediate water supply problems of the
WMA. However, this chapter presents alterna-
tives to all projects except construction of
Bloomington Lake.

The alternatives presented have been basedona
nymber of other NEWS studies done for the
WMA and referenced in the Annotated List of
NEWS Reports. Much of this work was sum-
marized in a staff report issued in April, 1974 and
circulated in the Washington Area. Recent public
feedback and technical studies have provided the
basis upon which a further consolidation of these
alternatives has been made. The “NEWS
Washington Metropolitan Area Water Supply
Study” report was issued in November, 1975 and
provides a basis upon which the ongoing WMA
Water Supply Study can proceed.

AREA PROFILE

The Washington Metropolitan Area lies primarily
‘within the Potomac River Basin with its eastern
section in the much smaller Patuxent River Basin.
The WMA encompasses land and water in the
states of Maryland and Virginia and the District of
Columbia. It covers 2B00 square miles and con-
sists of Montgomery, Prince George's and

Charles Counties in Maryland; the District of Col-
umbia; the Cities of Falls Church, Fairfax, and
Alexandria, and the Counties of Loudoun, Fairfax,
Prince William and Arlington in Virginia {see Fig-
ure 6-1).

The WMA deserves special consideration be-
cause it is the Nation’s Capital, a regional center,
and because of the magnitude of its water supply
problems. This area is designated as a Standard
Metropolitan Statistical Area (SMSA) for the pur-
poses of census data collection. The 1970 popula-
tion of about three million represents a 33 percent
increase over the 1960 level and makes Met-
ropolitan Washington the seventh most popul-
ous SMSA in the country. Population projections
for the area show 3.7 million persons by 1980,
and 6.8 million persons by 2020 (see Tabie 6-1}.

WATER DEMANDS

Demands for water in the WMA are based on
projections, through 1982, by the Metropolitan
Washington Council of Governmenis {COG).
They were modified by adding Charles County,
extension to 2020 and downward adjustment of 1
mgd per year for water saving devices assumed
to become required by local building codes in the
future. Resulting regional demands are shown in
Table 6-1.

A fairly stable per capita demand for water is
expected for the WMA between 1980 and 2020.
This is due to two factors: first, little increase is
projected for water using industries; second, itis
a high income area with a resulting saturation of
domestic water-using appliances. Consequently,
the increase in per capita use expected in many
areas of the country due to increased use of such
appliances is not expected in the WMA.

AVAILABLE WATER

A number of raw drinking water sources were
considered for the WMA, However, the costs and
legal complications involved with major inter
basin transfer projects, such as from the Sus-
quehanna or Rappahanock, indicated that the re-
jatively undeveloped nearby sources should be
considered first.

Potomac River

The largest single water resource within the
Washington Metropolitan Area, the Potomac
River, has an average discharge at Point of Rocks
of 5975 mgd. Beginning in the mountains of
West Virginia, it flows north in Maryland, and
then generally southeasterly toward Washing-
ton, D.C., for 248 miles, to Little Falls, becoming
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OTHER FACTORS

Water treatrnent capa bality and the capacity of the
existing water supply distribution system are iwo
factors that, in additicn to safe yield. limit
Washington's water supphes. Exisfing System
capacitiza will net be adequate for fuiure
demands.  Expansions, howaver, have bean
planned by the major utilities.

WATER SUPPLY PROGRAMS

Altarnative water supply programs 14 meat the
WA demanda mave been formulated. Al pro-
grams satisfy the fundamental water supply ch-
jective and complement other planni.ng f_'lbjE{-
tivas such as reliabilivy, flaxibility, economy @l
emdiranmental quality.

FIGURE B-2 MOMTHLY AVERAGE SUPPLY
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The lack of storage in the basin means that the
portion of WMA demands being met by river
withdrawals is very sensitive to the wide fluctua-
tion of Potomac River discharges. This sensitivity
is compounded by seasonal variation in demand.
If highest demands occur at times of lowest flow,
deficits will be large. The alternatives for the
WMA have been formulated in such a way that
some risk exists if highest demand occurs during
times of lowest flow. Historically this has not oc-
curred and public feedback indicates that many
individuals in the area are willing to accept this
risk.

Demands were projected to vary by month in a
constant manner with July being the month of
highest use. Supply was projected similarly with
the lowest flows occurring in October. On this
basis the critical monthly deficit always occurs in
August when the difference between supply and
demand is the greatest. Maximum 7 day and
maximum 1 day periods have been examined to
determine critical peak deficits of shorter dura-
tion than a month.

Recognizing the conflicting uses for water re-
sources, a detailed analysis of supply and de-
mand was conducted to establish minimum pro-
ject requirements to satisfy the water supply
need. This analysis consists primarily of compar-
ing supply and demand on a month by month
basis to determine deficits. As much as possible,
the programs were designed to eliminate
maonthly deficits with monthly or base load proj-
ects and seven day deficits with seven day or
peaking projects. In some cases projects can be
operated for both. Solution of the one day deficit
probiem can be more appropriately handled by
the local utilities. This approach to program de-
sign will supply water to the WMA in an efficient
manner consistent with other planning objec-
tives. The programs have been arranged into de-
cision tree branches and the timing of decisions
required to place water supply projects on line in
time to avert most shortages is shown in Figure
6-4.

Many of the project alternatives suggested by
focal interests involve new or unproven tech-
nologies. Before any of these can be im-
plemented, their technical feasibility must be
proven. Small scale pilot facilities to evaluate es-
tuary treatment, advanced wastewater treatment
(AWT) facilities, land treatment and unproven
ground water aquifers are necessary. The pilot
tests of these technologies and the necessary
evaluations could delay their full scale implemen-
tation until late in the period 1990-2000. If de-
mand is adjusted to explicitly incorporate con-
servation programs, Bloomington Dam and Lake
can meet the monthly WMA demand through
1990. The seven day demands cannot be met by
Bloomington much beyond 1980. Therefore, an
additional project must be on line as soon as

possible unless the people of the region are
willing to accept an increased risk of having a
water supply deficit.

Consequently, the choice to be made inthe WMA
is whether to: 1) Use proven technologies such as
raw water interconnections, Verona and Sixes
Bridge Dam and Lake and local impoundments;
or 2) accept the risk of seven day supply deficits
until programs of land treatment, estuary treat-
ment, AWT plants, and ground water aquifers are
demonstrated to be viable.

Branches 1, 2 and 3, as shown in Figure 6-5, in-
clude projects using unproven technologies
which could not be expected to become opera-
tional until late in the 1990-2000 period. Projects
in Branches 4 and 5 are based solely on proven
technologies and could come on line early in the
1990-2000 period.

The following is a list of projects considered via-
ble for the WMA and used as the basis for selec-
tion of components of the regional programs.

¢ Upstream Reservoirs. Verona Dam and Lake
would be located near Staunton, Virginia and
could supply 190 mgd as required for a particular
program. The 3,900 acre project would cost an
estimated $55.3 million exclusive of recreational
development costs. Sixes Bridge Dam and Lake,
near Sixes Bridge, Maryland, could supply 85 to
90 mgd as required at an estimated cost of $33.7
miliion for water supply. Both projects would be
operated to increase the average monthly base
flow of the Potomac.

® Estuary Treatment Plant. Indirect or direct
reuse of water withdrawn from the upper portion
of the Potomac estuary could be accomplished
after advanced treatment. Two systems are being
considered. The first is a river mix (indirect use)
system that would pump between 100 mgd and
200 mgd of treated water 35 river miles upstream
of the Washington, D.C. intakes on the Potomac
River to augment existing stream flows. The sec-
ond would be a plant mix {direct use) system that
could pump between 50 mgd and 100 mgd of
treated, estuary water to an existing water supply
plant and mix it with plant water. Construction of
a pilot plant to provide additional data was in-
itiated in 1977 by the Corps.

¢ Local Water Impoundments Within the WMA.
Local reservoirs could be constructed on
Potomac River tributaries and filled by pumping
from the Potomac River during periods with
higher than normal flows. Releases would be
made to augment the Potomac during periods of
low flow. Several potential sites are located in
Loudoun and Montgomery Counties. Such im-
poundments could supply from 90 to 500 mgd
and could be used to provide peaking water to
meet seven day and monthly demands. Catoctin,
Goose Creek and Little Monocacy projects are

23



1875

INTEACOMNES TIO NS

AWT

CATOCTIN HIGH FLOW

LITTLE MOMNGCACY

| VERCMA

SIXES BRIDGE

GOOSE CREEX HIGH FLOW

FIG. 6-4. DECISION TIMING FOR INITIAL PRCJECTS WMA

LEGEN
A—PFROJECT APPROWAL

B-—FLIMDING FOR ENGINEERING DESHN
C—FUNDING FOR COMSTAUCTION

0N LINE

prosented in this report to illustrate this type of
project.

Since the complation of the ariginal stedy in
Meovember 1875, reaches in both Catoctin and
Goose Creeks on which considered sites were
located have bean designated as Wild and Scenic
Riwars by the State of Wirginia, Tha Catoctin Creak
designation includes 16 miles in Loudoun County
betwean Watarford and the Potormac River, and
the Goasze Creek designation lies between the
confluence of the Creek with the Potomac River
and the Route 50 Bridge crossing in Loudoun
Caunty. These reaches are protected under State
Law which prevants construction without specific
epproval of the Legislature. The Catoctin and
Goese Creek projects lie within these designated
raaches.

Howevar, both prajects have bean retained in this
repart as illustrative of the type of local im-
poundments reguirad and other sites would be
equally effective.

» Interconnectlons. 'Water would be pumped
fromm the Potamag River during high flow pericads
to fill existing reservoirs that would, in turn, aug-
ment the river during low flow periods, Two axist-
ing resorvoir systems have been cansidered at
Rocky Gorge Reservalr anthe Pajuxent Biver and
Qoconuan Resereoir on Qocoguan Craek Yiald

L

frarm these interconnecstions would range from
100 mugd to 266 mgd and could provide water for
seven day demands,

* Wells. Two ground watar araas wWere consi-
dered, the coastal plainarea in Charles and Prince
George’'s Counties in Maryland, which swould
viald an estimatad 100 mgd; and the Hagarstown
Walley area of Maryland which could yield an es-
tirmated 50 mgd to augment the river during
periods of low flow.

¢ Advanced Wasatewater Treatment. Through the
uze of advanced wastewater reatrment plants
IAWT), wastawater could be traated to stream
quality standards. One AWT system under con-
sideraticn [n this study would take efloent i
recily from the Blue Plaine Wastewatar Treat-
ment Plant, treat it further, and dischargs itiothe
Potamac River 35 miles upstream of Washington,
0L, Other AWTs could be loceted in Loudaun
gnd Mantgamery Countios 10 treat wastewater
generated by future growth in theas areas. Yialds
are astirmated ta rangs from 38 mged to 220 mngd.

* Land Treatmemt of Wastewater. Sccondiary
wastawatar treatment plant affluant would ba
spraved an land, and through natural biclaglcal
and physical processas it would ba brought to



stream quality standards. The water would be
recovered through natural run-off into the
Potomac. A site under consideration is in Lou-
doun County. The estimated yield of this project
is 256 mgd although 50 mgd would be required for
spraying, the difference being lost due to evapo-
transpiration.

* Emergency Restrictions. Restrictions to limit
~ specific water uses during temporary periods of
shortage would be the only means available to
avert complete system shutdowns in the time
period before proposed projects could be
brought on line, or in all periods if water supply
programs are adopted for the WMA which do not
provide enough additional water to meet pro-
jected demands. Restrictions would be voluntary
or mandatory depending upon the severity of
each emergency as it occurred, or as determined
to be necessary by the implementing local gov-
ernment. In all programs developed for this re-
port, restrictions have been included. In some
programs restrictions of up to 195 mgd are re-
quired to meet program deficits.

DECISION TIMING

The timing involved for implementation of each
project was an important factor when projects
were selected for inclusion in a plan. The
schedules for projects that can come on line by
2000 are shown in Figure 6-4.

Interconnections would be the first projects on
line in Branches 1A, 1B, and 4A and would take
about 10 years toimplement. Initial indications as
to the effects of mixing Potomac River water with
the water in existing reservoirs are favorable, but
detailed impacts of the interconnections would
have to be carefully studied before construction.
AWT plants, the first projects to come on-line in
Programs 2 and 3, would take about 12 years to
implement after their acceptability as potable
water sources has been demonstrated. The
Catoctin High Flow Skimming Impoundment in
Virginia would be the first project to come on-line
in Program 4B and would take about 14 years to
implement. Goose Creek High Flow Skimming
Impoundment is the only project needed after
construction of the Bloomington Project tc mest
monthly water demands until 2020 in Program
4C. About 15 years would be needed to imple-
ment the project. Verona Dam and Lake would be
the first project to come on line in Programs 5A
and BB. The project is located in an area which is
becoming increasingly urbanized and would
therefore require careful land use planning be-
fore state and local approval could be obtained.

Verona Dam and Lake Project has already re-
ceived state and Federal approval through the
initial design stage. Additional Federal and state

approval is required prior to construction. The
project could not be operational in time to elimi-
nate the risk of seven day shortages. In addition,
the estimated 27 days it takes for water to travel
from the dam to the area of use makes it ineffi-
cient to use as a seven day source.

PLANNING ASSUMPTIONS

The following assumptions were made to formu-
late the alternative decision tree programs shown
on Figure 6-5:

1. Water supplies will be provided to meet pro-
jected average monthly demands. Demand
projections have been reduced to reflect use
reductions through water saving fixtures and
appliances of 1 mgd per year after 1975, for a
total of 46 mgd by 2020. WMA demand was
then disaggregated into Potomac and non-
Potomac demands. The programs compare
Potomac supplies with Potomac demands.

2. Short term peak deficits between 7 and 30
days duration are alleviated with peaking proj-
ects which supply large quantities of water for
short periods or through emergency water re-
strictions that reduce the short term peak de-
mand. Application of restrictions could reduce
monthly demandto the level approximated by
winter demands, when lawn watering, filling
of swimming pools and similar non-essential
activities are at a minimum. Emergency re-
strictions would be required in all branches,
but were only shown in the Decision Tree (Fig-
ure 6-5) when they would be needed to meeta
monthly average deficit.

3. In all programs, projects were not considered
for meeting one day deficits which could be
alleviated by demand reduction through
emergency restrictions, by local storage pro-
vided by water utilities, by reducing the 100
mgd minimum flow into the estuary, or by
using an emergency estuary intake under con-
struction by the Corps of Engineers in 1977,

4, Yield is based on the monthly minimum safe
yield of the Potomac River at Point of Rocks
less 100 mgd minimum flow to the estuary.

5. Bloemington Dam and Lake, now under con-
struction on the North Branch of the Potomac
River, will be operational in the 1980 time
frame.
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FIGURE 6—5
DECISION TREE—WMA PROJECTS
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BRANCH OMNE —Based on a mix of proven and
unproven technologies in both the earlier and
later tirme frames,

Branch 1 is formulatad to minimize health risk by
delaying uae of the estuary until more guestions
can be answered by the pilot astuary treatment
plant and assuming that this can ke done early
enough to allow full scale implementation befors
2000. In addition, it minimizes large scale, land
intensive rasarvoir construction.

PROGRAM DESCRIPTIONS —1A and 1B

1980 — With Blogomingtom Dem and Lake cperat-
ing by about 1380, adequate supplies 1o
rmeot monthly damands are awvailabla
Savan day deficits could occur end would
be met by restrictions as nesded.

2000 — Between thy 1980 and 2000 firmo frames
anm  interconnection  routed  through
Montgamery County  betwesn  the
Fotomac Rivaer and existing Patuxent Re-
servoirs could meet a portion of the
geven dipy demands through 2020, In
Frogram 14 the intarconnection would
gupply an additicnal 170 mgd and in
Frogram 1B an additional 285 mgd. Tao
meaat monthly dermands for both pro-
grarms, the first stage of the River Mix
Estuary Treatment Plant located in
Weashington, 0. C.owould be broug bt an
lime to supply an additicnal 100 mgd.

20F) — Batween 2000 and 2020 in both Pregrams
1A and 1B, stage fwo of the Estuary
Treatmant Plant would supply an addi-
ticnal 100 mgd. In 14 100 mgd would alea
be necessary from wells construcied on
the Maryland ecoastal plain. Instead of
wella, & high flow skimming dam and
lake praject. on the Littla Monocacy in
Pontgormery County, supplying 108
rgd, would be constructad in Frogriam

Wells canstructed inthe Hagerstown Val-
Ly arga of Maryland would prowide 50
migd for demands in both 1.4 and 18.

PROGRAM RATIONALE

An imtarconnection project, a rfiver mix estuary
treatment plant and two wellifield areas —oneg in
the Coastal plain and the ather in the Hagerstown
Valley, are the projeces selected for Program 1-4.

Seven day interconnections projects ater proven
ability to meeat water quality standarde as wall as
a reliable source of water, Environmentally, thay
hawe high energy requirements, but require litile
land and have rminimal effect on aguatic and ani-
mal life, natural habitat, vegetation, oic. Costs
gnd benefits waould be well distributed in the re-

PROJECTDATAFORBRANCH 1-A

FIRST COST REGLIREMERNTS
BRANCH 14

MILLMFNS OF DOLLARS

19FE  TEED F000 2030
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gian. Constwruction would oceur anly 2icse ia the
VW, Although interconnectiong offer Flexibility
in the quantity of water which cam ba obtainad, it
wwortld b desira ble to Build the reguired pipeline
Lo its ultimnate capacity because of the inefficiency
invalved in bBuilding a saries of smaller plpahnes
as ngaded

The rivar mix estuary traatment plant and wall-
fields prowvide rmanthly needs and complete the
projects for Branch 14, The estuary and well
fields rank high in ervironmeantal quality with the
excaplion af the high energy requirerments for

aperaling the estuary treatment plant aned fos
pumping estuarine water up to Dickarson, Mary-
land. The estuary plant could provide a large val-
ume of watar but would ereate water qualiby
guasticns dus ta the uncertainty of operating an
estuary plant that will alwayes meet water stan-
dards, Wells an the athers hand, may provide high
guality water, but guantities ramain a question
due 10 as el unproven yields.

Fleraihility to incraase cutput i high i the case of
walls and maderate for the estuary plant.

Social and economic pquity, is served well by the
estuary but less 50 by the wellfislds. The river mis
estuary usas local sources but the wellfields are

located some distance from thosa who would
b nefit most,

With tha axception of the interconnections, the
prujact:a in F'rr_'ugrar'n 14 rely on new or unprovean

technology. The potential for walls has yvat to be
astablishad amd wncertainmty remaing as to the
guality of the reated estuary waler in erms of
sustained yvield, reliability and health risks. These
unproven technologies require pllet effores o
helpresolye the uncertainties related (o 1heir usa.

Pragram 1B is in most respects identical to
Program 14, exscapt that larger interconnectians
wiould be used to provide greater seven day peak-
ing capability and a Potamac high Hlow skimming
project on the Little Momocacy instead of the
Coasztal Plain Wells. This reservalr wauld provide
a reliable spurce of water of known qguality. dues-
tions could arisa attha local lavel regarding lamd
aoquisition in Montgomery County to supply the
metrepolitan area, a situation commeon to all
araas of high populetion density which rmust
reach beyand their boundaries far water,
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BRAMNCH TWO—A program relying exclugively
an new ar Unproven techinologies, undelermined
ground water yiclds and emergency restrictions,

Branch 2 was formulated to minimize the kinds of
adwerse ervironmeantal impacts rasulting from
reservair construction and based on acceplEnce
of short term and long term saven dav shortages
in the WA which might tend to reduce popule-
ticn growth. The branch would minlmize the
nurmbes of acres of land takan in potential rasar-
woir areas and the degree of alteraticn of wepseta-
tizn, agquatic and natural habltats in thoss areas.
The effact on stream water cquality wouled bee urs-
certaln and energy consumption wowld be high.
Adversa environmental impacts from pencdic
watar Ehﬂrtages miig bt bz ewpezrie nced.

PROGHAM DESCRIPTIONS —2A and 2B

18980 — With Bloomington cperating by 1980,
adequate supphes o mest monthiy
water supply demands will be available,
Saven day deficits would exiat end could
be met through emergency restriction
throughoul the planning periad.

2000 — Between 1980 and 2000 waste treatment
plants would come on line in Feirfax and
f'.l'll:rl'lT-g-.’!lr'r‘lEr',' Counties 1o treat 135 mgd
of wastowater generatad in the region to
straam quality standards. Effluant fram
the plants would be discharged into thie
Patomac Riwar 25 rivar miles upstream of
Washington, D.C. Monthly deficits would
be rmet By restrictions,

2020 — Between 2000 and 2020 a plant mix es-
tuary treetment plant, supplying 100
mgd would Be constructed in Program
2A. In program 28 100 mgd would be
abtained from wells in the Coastal Plain
rather than from traated estuary water,
Hoth branchas would include AWT proj-
acts yielding an additional B mygod,

PROGRAM RATIONALE

Branch 2A congists of emargancy restrictions,
AWT plamis, and a plant mix estuary trestrment
plant. In thia pragram, no projects specifically
designed to meet the savan day paaking problam
are includad and recourse o @mengency waler
uge restrictions would ba necessary. &n impor-
tant characteristic of the branch iz aceaptance of
risk Bizth in tarms of repeated shortages and in
the uncertainty incident to raliance on naw or
unproven tachnologissa.

However, use of AWT plants for watler supply has
g number of advantages. They requira little addi-
tlanal land, they can augment low flows and they

PROJECT DATAFOR BRANCH 24
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cause minimal disruption of natural hebitat, ani-
male, vegetation and aguatic life. & major detri-
ment, i% the comparatively high energy require-
ments for plent processas and for pumpang espe-
cially since tho AWT plants would be operating
vear raund, AWT plants are flexibla and can he
incramented as sfequired by the amount of
arcandh in g counby.

A plant mix estuary treatment plant would have
similar effects as the AWT planis. 1 requires less
land but could have a potentially adverse effect
am tha enviromment of the upper estuary, when
egfuaring withdrawals are couplad with a low
flcaw reegima

F'rl:ngram 28 iz girmelar 1 Frogram 78, gxcept the
plant mix estuary freatment plant is replaced by
coastal plain wallz. The wells require a maderats
amount of land, a maoderats amount af energy
and hawvse a moderale impact on ecological sys-
tems, anuatic and tarrestrial. Wells are fairly eagy
to incrament as needed swhen growlh reguires,
HEGhErgE gregsand areas irmrmediate vy surrgaund

ing the wells naad to ba protectad and require
lacal land use ardinances o da so. Program 24 is
prirnarily ene of wastewater reuse, relying haaw-
ity on AWT plantas and astuarinma withdrawals. In
bath programs the technolagies are relatively
unproven except for wells, Before this program
could ba succassfully launched the parformence
of theze projects would have Do be proven.
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BRAMCH THREE — A program like Branch 2,
based an use of new or unproven tachnologies,
undetermined ground water yialds and emer-
gency restnctions, Branch 3 Is, however, less
costly 1a irnplament than Branch 2,

PROGRAM DESCRIPTION —3

1980 — With Bloamingion operating by about
1980, adequata supplies to meet monthiy
wirter supply demands will be availabla
Seven day deficits would exist through-
aut the planning period and could be med
only through emergency restrigtions.

2000 — Between 1380 and 2000, wastewater at
the Maontgomery County Advanced
Waste Treatrnent Plant would be treated
to atream guality standards and dis-
charged inta the Potomac upstream of
the water supply intakes, Initial plant
cepacity would be 90 mgd. A plant mix
estuary treatment plant, congiructed in
Washingtan, D.C., would supply 100
mgd. Monthly deficits ceuld occur be-
twean about 1980 and 1995 and would
also have to be met through restriction
measures until the proposed AWT plants
hecame cperational.

20— Betwesn 2000 amd 2020 additional ad-
waneerd waste treatment would provide
&0 mgd and wellg in the Coastal Plain
would add 100 mad to the WA supply.

PROGRAM RATIONALE

Emergency restricticns, AWT plants, a plant mix
aztuery treatment plant and coastal plein ground
whater are the projacts in Brench 3. In projects ani
chiectivas, thie program is similarto Branch 7 but
it ia lower in cost, As in Branch 2, no facilities
winuld b constructed specifically For meeting
saven day peak demands and smargancy water
uze restriclions varying as ahown in the Supply-
Dezrmand graph would be required, Monthly ra-
strictions of up to about 55 mgd would be needed
for about five yeara. Restrichions, AWT plants,
estuary treetment plants, and wells require anly
small to maderate amounts of land. Hawever,
operation of the prajecis during low flow pariods
might have adverse affects within the upper es-

FROJECT DATAFOR BRANCH 3

FIRST COST REQUIREMENTS
BRARNCH 3

Millign Dodlars
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YEAR

tuary and energy reguirements for the AWT
plants and estuary treatment plam are high, To
reduce the cost, the psteary plant and coastal
wells could be built to full capacity in ane stage
instead of in growth related incremaonts,

The projects have moderate capital and operat-
ing costs for water supply with the exception of
the estuary plant which has relatively high
aperating cost. The program alsorelies largely on
lacal saurces. This program brings into circula-
tion and racirculetion a large amapnt of water
from the new technolegies. It alsa demands
cormrmitment to s courss of actionthat may not be
completely suceessful because of the unpraven
et hnologies involved.

13



ADDITIONAL SUPPLY DEMAND VS. TIME
BRANCH 4B - AUGUST

G-

MOMTHLY
EUPPLY

150 1380 1350 2000 L bl 2020 18970 1080 1990 el 2010 2020
YEARS YEARL

PROJECT TIMING AND SUPPLY, DEMAND
DATA - BRANCH 4B




FlGHL&RD

LINACRRET

HLOORINETOR
Dol & | AKE

WETBMLA,

oam

ALIGST

BE0 LA

BELFIDD

SIXES BENMMGES ™
CAM AND LAKE
., GARROLL

Sk

TRIGECFFLS HESERYOR
HLwANT
FOCEY GHTIAE
LaUEOLA REZLS 0y

/R| FAUCIAER ll". %, | o Ll
ey
e

sk

AT AHARRKOCE
| e .
Llid= =
STASFOAD:

LEJEND

EXETIRG SFCHESE IPOMCS, ACSERORAS Pl
FOTERTIAL FIaFI KRS, TURKELS, COMDUATS, FTi:
FECHNINL APEURCE. TURRELE, SONIIrE, ETC,

FOTEHTIAL PUMPING STSTION |OR WETHE|

ElLG FE0=50

FUTERTIGL WELL FICLD S
FHETUARY WITHONAMAL WTF
INTERCOHMEGT Y

EXLETRAG WATER TREATHEERT 214K
LOTAL HIGH FLOW SIS RS RFAERVIOH

"*‘ AT BCYARCLID WASTE TRFATRENT BLART

. POTERTIAL STORARE FUATE. NESCAVORAS DT

BRANCH FOUR—A program based on surface
wter regulation by dem and resarvoir projects.
Emergency restrictions would be needed only in
the early time periods bafora the major projects
could be constructad,

Branch 4 represents maximum use of conven-
tiomal, proven technolagies with high rellability, it
would raquire large land ereas to ba taken for the
ragarvolr projects and the environmental impacts
eould be locally severe, Cost and energy rao-
guiremants would be lower than for programs
with high reliance on advanced treatment tech-
nologias. The pragram would also cantain mora
certainty with respect to meeting public health
standards than programs with high reliance on
advanced treatment tachnolagies.

PROGRAM DESCRIPTIONS —4A, 4B, 4C

1880 — With Bloomington opersting by about
1980, adequate supplies to meat monthly
water eupply demands will be available.

2000 — Between the 1980 and 2000 time frames a
high flow skimming dam and lake project
on the Catoctin Creek in Loudoun County
would supply 145 mgd in Program i, An
intercennection befween the Potomac
and FPatuxent Rivers through Montgan-
&ry Caunty would be campleted to sup-
Py upte 260 mgd ta meet peak seven day
demands in the branch through 2020, A
Potomas high flow skimming dam and
lake project on Catoctin Cresk would
supply 130 mgd to meet monthly de-
mands and up te ZB5 mgd to meet peak
seven day demands in Program 48, In
Program 40 a Potomac high flow skim-
ming dam and lake project on Goose
Creek would supply 480 mgd to meet
manthly darmands and 500 mgd for paak
saven day periods. Emergency restric:
tions would ba required 1o meat sevan
day demands early in tha period befare
projects could come on line.

2020 — Between 2000 and 2020 in Programs 4.4
and 48, Sixes Bridge Dam and Lake Praj-
ect on the Monocacy River in Maryland

“would supply 85 mgd and Verona Dem
and Lake Praject on the Middle River in
Wirginia would supply 130 mgd, Mo proj-
ects would be needed for Program 40
during this period,

PROGRAM RATIOMALE

Thiz program weas based primarily on water
guantity and quality to ba obtained through the
use of conventional methods. § does not include
wells or the new technologies. [twould provide a
highly reliable watar supply in terms of low risk
Bnd quality of weter supplied, The seven day

FROJECT DATA BRANCH 48

FIRET COST REQUIREMENTS
BARAMCH 48

Millian Dullars
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paaking problem iz approached in two different
ways. IndA, interconnections are used. In4B and
d4C, Catoctin and Goose Creek projects, respec-
tiwaly, designed to meet monthly demands would
also meet seven day demands. Emergency re-
strictions would be wsed to mest interim sevan
day deficits such as those shown on the Supply
Demand vs Time graph for Program 48,
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BRAMNCH FIVE=A program based upon the use
of known and proven techrnologies,

Branch Five was formulated o wtilize traditional
measures for satisfying watar supply needs. The
BESUMPLons are that a system is needed that bes
meels public haalth standards, imposes the least
cost on the reglon, and provides a sufficiant
emcU nt of water to support the projectad growth
and economy of the region, Energy reguiremants
would be lower than for programa with high re-
liance ot advanced treatment technolagies.

PROGRAM DESCRIPTIONS —5A and 5B

1980 — With Bloomington operating by 1980,
g adequate supplies to mest monthly
water supply demandz are asvailable.
Seven day deficlts wauld exist and could
be met through emergency restriction.

2000 — Between the 15980 and 2000 tima frermeas
sevan day deficits will exlst in both Pro-
grame and will be met by restrictions as
needed, until projects come on line. In
Program 5B Yerona Dam and Lake Projs
act would supply 130 mgd and Sixas
Bridge B5 mgd. In Pragram 54 Verona
Darm and Lake Praject would supphy 190
mgd amd & Fotomac high flow akimming
darm and leke project on the Little
Monacacy River in Montgomary County
could supply upto 270 mgd ta meet peak
savan day demands

2020 — Batween 2000 and 2020 in Program 5A
Sixes Bridge Dam end Lake Project
wiould supply 86 mgd and a high flow
akimming dam and lake projact on tha
Catoctin Creek would supply B5 mgd. In
Program BB a high flow skimming dam
and lake project on the Catoctin Crask in
Louwdoun County would su pply 70 mgd 1a
maet monthly demands and up to 260
rigd to meet critical seven day demands
through 20:20.

PROGRAM RATIONALE

This program is a river regulation system having
high reliability and low cost, Program & is low risk
and provides projects to meet the seven day
peaking demand. Program 5A& usas the Little
Manocecy high flow skimming impoundment as
& sevien day peaking project which could be re-
placed by interconnections or emargancy restric-
tionas, if desired. Verona Dam end Lake and Sixes
Bridge Dam and Lake with Patamac high flow
skimming dam projects on Catoctin Creak and
Little Manocacy Creak make up Program 54, All
projects provide a reliable source of water of high
quality. In addlition, bath Verona end Sixes Bridge
Dam and Lake could indirectly Benefit down-
stream water guality through the increase of
waste assirmilation capacities during critical low
flow parioda which in turn could improve the

PROJECT DATABRAMNCH 5A

FIRST (DET REQUIREMENTS
BRAMNCH 5&

Millar Dollars
2

2000
YEAR

instream habitat quality, Each of these projects
would provide nesded water surface ares for
formas of recreation not presently available inthe
area, such as frash watar boating, sailing and
swimming. The little Manocaey and the Catoctin
Creek lopcal impoeundmants could banefit water
quality in the mainatem Patamac River, but their
operetion as seven day reservairs could detract
from their recreational potantial dua to the rapid
rate and megnitude of drawdown when nesded,
Algo, these project sites possess anvironmental
#nd social valuaa that might not be compensated
by raplacament with water surface area, Consa-
quently, these two projacts are difificult to
evaluata with raapect to emvironmental quality,

All tha projects have low capital and operating
costs. They also provide ample water in arder naot
to interfara with growth.

Program BB consists of Verona and Sixes Bridgas
and & high flow skimming impoundment on the
Catoctin Creek. The Catociin Project would be
uged for both monthly and sevan day peek de-
mands, Both programs have high reliability and
provide the flexibility to meet unforasaen growth
dermands since they rely on larger projects and
both are relatively low in cost and have low
Energy requiremants,
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CHAPTER 7: THE NEW YORK METROPOLITAN AREA (NYMA)

BACKGROUND

The New York Metropolitan Area (NYMA) con-
sists of the New Jersey Counties of Passaic,
Bergen, Hudson, Essex, Morris, Hunterdon,
Somerset, Middlesex, Union and Monmouth, the
Connecticut Counties of Fairfield, New Haven and
Middlesex west of the Connecticut River and the
New York Counties of Rockland, Orange, Ulster,
Westchester, Putnam, Dutchess, Nassau and Suf-
folk, and New York City. The study of the NYMA
has defined the regional water supply problems
and has developed and evaluated potential solu-
tions to them. Analysis and interpretation of data
from a number of engineering, hydrologic, en-
vironmental, social, economic and institutional
studies has provided the input on potential water
supply projects and programs used as the basis
for this chapter. These source studies are de-
scribed in the attached Annotated List of NEWS
Reports. As with the other two most critical areas,
this information has been published and distri-
buted widely to gather as much public and
agency reaction as possible. Close coordination
has been maintained with state and local agen-
cies and various elements of state planning have
been built into the planning process.

Following successive iterations of study,
analysis, comment and revision, preliminary
conclusions were reached about the most urgent
water source development decisions to be made
in order to assure the region of adequate water in
the future. Alternative regional programs were
presented in November 1975 in the NEWS In-
terim Report, Critical Choices for Critical Years.
The report illustrated the nature of these deci-
sions and the trade-offs that they would entail. A
formulation stage public hearing was held in New
York City on 12 March 1976, and on the basis of
comments received at that meeting further tech-
nical studies were undertaken of a Hudson River
Project which could meet the water supply deficit
in the New York State portion of the metropolitan
area. Detaiis of the Hudson River Project are pre-
sented in the Appendix.

AREA PROFILE

The NYMA covers 2,345 square miles and in-
cludes 26 counties in three states (see Figure 7-1),
ltincludes not only the City of New York, but other
municipalities with populations exceeding
150,000 such as Newark and Jersey City in New
Jersey, Yonkers in New York, and Bridgeportand
New Haven in Connecticut. The area being
studied alsc includes several hundred smaller
communities.

The study area covers the densely populated area
of the nation’s most urbanized state, New Jersey.

lt contains the nation’s largest city, New York, but
also contains portions that are rural in nature,

Itincludes areas where industrial complexes are
packed shoulder to shoulder, and areas where
business and commerce are stacked in 100-story
skyscrapers. It contains the nation’s largest con-
centration of financial, trade, professional, busi-
ness and communication services. Manufactur-
ing, however, provides the major employment.
Yet, the NYMA also includes areas where farming
is a major business.

Population projections for the area have been
made by many agencies. Although they were
made at different times, extend over different
periods, and do not cover exactly the same area,
most agree that the area faces population in-
creases by the year 2020. Presently developed
water supplies are or will become inadequate to
serve the needs of the area.

The population projections used in this report are
based on the OBERS 1972 SERIES E projections,
prepared by the Bureau of Economic Analysis of
the U.S. Department of Commerce. Series E pro-
jections are based on long term nationwide at-
tainment of “replacement level fertility” reflect-
ing gradual reduction in annual rates of increase
in population. The OBERS projections for each
state have been broken down for areas within the
NYMA preoportional to the distributions used by
each state for its own projections. The 1970 popu-
lation and projections are shown in Table 7-1.

TABLE 7-1

NYMA POPULATION PROJECTIONS
1970-2020 lin millions)

1970 1980 2000 2020

Northern New Jersey 5.1 58 69 7.9
New York City 79 80 84 88
Suburban New York State 43 49 65 7.7
Southwestern Connecticut 1.6 1.8 2.1 25

TOTAL 189 205 239 269

There have been other projections done for the
area which are significantly lower. The principal
differences invalve the future of the New York
State portion of the study area. The lowest projec-
tions for this portion are those of the State
Economic Development Board, which are about
15% lower than the OBERS projections. How-
ever, when the Board projections were translated
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into water demand estimates by the State of New
Yark, they produced a demand projection less
than 2% below that developed by NEWS.

WATER DEMANDS

Total water use in 1970 inthe NYMA exceeded 2.7
billion gatlons per day. Per capita use varied
widely in the study area. The non-industrial use
ranged from 70 gallons per capita per day {gpcd)
to over 200 gpcd and averaged 135.gpcd. Publicly
supplied industrial use is even more variable,
ranging from almost zero in some areas to 50
gpcd in the Central Naugatuck Valley of Connec-
ticut. In New Jersey, publicly supplied industrial
use accounted for 13% of the total water used
from public systems. In New York, it represented
3% and in Connecticut 36%.

Projections of popuiation, economic activity,
residential density, domestic water use, and
water conservation measures indicated that total
water demand inthe NYMA will exceed 5.1 killion
gallens per day by 2020 (see Table 7-2). Water
conservation devices were assumed in 25% of all
new homes reducing water use by 18% for flush
toilets, 7% for showers and 1% for washers.

Future industrial demand is a significant element
of total demand. It is assumed that ail additional
industrial water requirements in the future will be
publicly supplied, so that industrial withdrawals
from public systems will increase from 8% of all
publicsupplyintheregionin 1970t0 17% in2020.

Furthermore, the level of future demand is partly
determined by the rate at which industrial recircu-
fation and water saving technological change are
assumed to increase. A uniform rate overthe area
has not been assumed as part of the base case for
two major reasons;

1. The study includes parts of three indepen-
dent political subdivisions, New Jersey,
New York and Connecticut.

2. Industrial activity, while important in the
Connecticut and New York portions of the
study area, is not the most important sector
of their economies. As a result, these states
may be much more likely to impose early
action controls onwater use inindustrythan
a state whose economic base is primarily
industrial, such as New Jersey, and horth-
ern New Jersey In particular.

Recirculation rates and use of the most efficient
technology can, however, be influenced by public
policy, with great effect. For instance, Table 7-2
assumes that improvements will reduce the
amount of water used for a given level of indus-
trial output in 2020 to approximately one-half of
the 1870 amount. This degree of improvement is
expected to follow from water quality limitations
on industrial discharges in strict compliance with
the provisions of the Water Pollution Control Act
Amendments of 1972 {P.L. 92-500).

TABLE 7-2

WATER SUPPLY SUMMARY-NYMA
(millions of gallons per day) [1]

NEW YORK
Average Annual Water Demand
Potential Local Supplies [2]
Water Supply Deficits

NEW JERSEY
Average Annual Water Demand
Potential Local Supplies {2]
Water Supply Deficits

CONNECTICUT
Average Annual Water Demand
Potential Local Supplies [2]
Water Supply Deficits

1970 1980 2000 2020
1860 2070 2470 2980
1700 1860 1950 2030
160 210 520 950
680 820 1200 1650
640 780[3)  880[3] 900 [3]

40 40 320 750
220 290 360 500
220 250 260 260

0 40 100 240

[1] Rounded to the nearest 10 mgd.

[2] 1t is assumed that demands are initially met by development of local supplies until the
maximum capability of those supplies is reached.

[3] Includes the Round Valley Reservoir outlet works which was completed in 1977 with a

yield of 80 mgd.
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AVAILABLE WATER

The following sources of water were considered
during the early phases of the study:

{1) Susquehanna River Basin
{2) Delaware River Basin
{3) Raritan River Basin
(4) Passaic River Basin
(6) South Jersey Ground Water
(6} Hudson River Basin
(7} Housatonic River Basin
(8) Connecticut River Basin
{9) Long Island Ground Water
{10} Southwestern Connecticut Ground Water
{11} Emerging technologies — this included
considerations of various potential solu-
tions such as: Desalination, Dual Water
Distribution System, Long Distance
Shipment, Partial Domestic Water Recy-
cling, Advanced Wastewater Treatment
and Iceberg Harvesting.
{12} Great Lakes
(13} St Lawrence River

These sources were narrowed down to a more
manageable number for further study. Screening
criteria used were consideration of yvield, proxim-
ity to the user and cost. The following sources
were chosen for further analysis based upon this
initial screening.

Hudson River

The largest single water resource within the
study area, with a drainage area of 13,366 square
miles, the Hudson River has an average flow ex-
ceeding 12,000 mgd at Poughkeepsie, New York.
From its source in the Adirondack Mountains in
northern New York, it flows southerly 147 miles
to Troy, New York, and then becomes tidal for 163
miles to its mouth in New York Harbor.

Delaware River

One of the largest rivers on the east coast, the
Delaware River has a drainage area of 6,780
square miles and an average flow of 7,600 mgd at
Trenton, New Jersey. This major river flows
through the states of New York, New Jersey,
Pennsylvania and Delaware.

Housatonic River

The Housatonic drains 4,555 square miles of the
western part of Massachusetts and Connecticut
and has an average flow of 1,600 mgd at Steven-
son Dam. It is widely used for recreation, power
production, and industrial water supply and
waste disposal.

Connecticut River

The Connecticut River drainage area of 11,250
square miles includes much of Vermont and New
Hampshire, the western part of Massachusetts,
and Connecticut. With an average flow of 10,300

mgd at Thompsonville, Connecticut, the river
has been developed extensively for hydroelectric
power and industrial water use, but the main
stem has not been used for public water supply.

Other Sources

Other major sources of water supply inthe NYMA
are the smaller Passaic and Raritan Rivers in New
Jersey and the ground water aquifers of Long
island and scuthern New Jersey. Desalinization
of brackish water or sea water was also consi-
dered but because of cost, energy requirements
and environmental effects, it is not considered a
viable source for further analysis at this time.
Conservation measures and devices have also
been addressed, and if implemented could re-
duce the water demand in many areas.

PROJECTS CONSIDERED

In the first iteration of plan formulation for the
NYMA, about 100 water supply projects were de-
fined and screened for technical feasibility on the
basis of the following considerations:

{1} Hydrology,

{2) Water quality,

{3) Downstream water requirements,

{4) Potability and treatment required,

{5) Costs,

(6) Institutional viability,

{7) Public acceptability, and

{8} Environmental concerns.

Based on these criteria, the initial list of projects
was reduced to the 44 technically feasible proj-
ects shown on Table 7-3. Project descriptions and
results of the analysis are contained in the NEWS
report, 'Engineering Feasibility Report on Alter-
native Regional Water Supply Plans for Northern
N.J., New York City, Western Connecticut Met-
ropolitan Area’’, November 1971. As indicated in
the table, many technically feasible projects were
eliminated because of cost, environmental con-
cerns or institutional constraints. Sixteen pro-
jects, indicated on the table as "acceptable”,
were carried into the next level of plan formula-
tion.

During the plan formulation process, water con-
servation practices were recognized as being
equivalent to new supply projects and the follow-
ing four measures were defined: increased me-
tering in New York City, leakage control, use of
domestic conservation devices, and manage-
ment of Long Island’s ground water resource.
Twenty projects were therefore considered via-
ble potential elements in alternative regional
programs. A brief description of each project fol-
lows.

® Tocks Island Lake Project Exchange—This
project (D-2 in Table 7-3) would have used New
Jersey's tentative allotment from the Tocks ls-
land Lake project for Delaware River control. In
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TABLE 7-3

TECHNICALLY FEASIBLE PROJECTS

POTENTIAL SOURCE

Susquehanna River

S-1*
5-2
5-3

D
D-1
D
D
D

S HWN

D-

Flood Skimming,

Sidney to Cannonsville
Diversion to Sanford Reservoir
at Oquaga Creek

Diversion to West Branch
wlout Upstream Storage

elaware River

Beaverkill Flood-Skimming
and Cannonsville Flashboards

Tocks Island Lake Project Exchange

New Jersey Northern Streams
Hawk Mountain Reservoir

Beaver Kill Reservoir

with Diversion from Hudson River

Raritan River

R-1
R-2
R-3

R-4

Raritan, Spruce Run-Round Valley
Confluence Reservoir

Delaware River-Tocks Island
l.ake Frenchtown Diversion
Delaware River Diversion:
Flood-Skimming to Round Valley
Delaware River Flood

Skimming to Round Valley
Delaware and Raritan

Canal Improvements

Six Mile Run Reservoir

Crab Island Dam

South River Tidal Dam

assaic River Basin

P-6

Two Bridges Reservoir
Delaware River Diversion
Frenchtown-Two Bridges
Delaware River Diversion
Frenchtown-Canoe Brook
Delaware River Diversion

Port Jervis-Pequannock
Delaware River Diversion
Flatbrookville-Wanaque

Hudson River-Ramapo Diversion

South Jersey Ground Water

SJ-1
S5J-2

Fort Dix-Lebanon Forest Area
Fort Dix-Lebanon Forest Area
plus Wharton Tract

Hudson River

HU-1
HU-2

HU-3

44

Hudson River Basin Storage
Hudson River Basin Storage
plus Lake Ontario

Hudson River Basin Storage
plus Lake Champlain

REMARKS

Small yield, poor water quality, and
geographically undesirable,

Environmental concerns, institutionally and
geographically undesirable.

Small vield and geographically undesirable.

Institutional and legal constraints, small yield.

‘Institutional and legal constraints, small yield.

Acceptable project.

High cost, low vield, environmental concerns.
High cost, transportation impacts, and poor
public acceptance.

Environmental impacts and poor public
acceptance.

Acceptable project.

Acceptable project.

Acceptable project.

Conflicts with R-2.

High cost and institutional concerns.
Limitations in canal capacity and small yield.

Water quality and environmental concerns.
Smail yield and environmentat concerns.

Acceptable project.
Acceptable project.

These projects are similar to P-2 in that they
use Tocks Island Water. P-2 was carried
forward as an example of P-3, P-4, and P-5.

Acceptable project.

Acceptabie project.
Environmental and institutional concerns.

Acceptable project.
Institutional and cost concerns.

Environmental and institutional concerns.
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TABLE 7-3 (CON'T)

HU-4 Hudson River Basin Storage
with Compensating Releases
HU-5 Hudson River Diversion with
Upstream Storage
HU-6 Hudson River Project
HU-7 Black River Diversion
To West Canda Creek
HU-8 Raguette River Diversion
to Hudson River Headwater
HU-9 Deerfield River Diversion
into Hudson via Hoosic River

Housatonic River

HO-1 Trap Falls Reservoir

HO-2 Existing power reservoirs {Lake
Lillinonah and Candlewood Lake)

HO-3 Roxbury High

HO-4 Konkapot and Robbins

HO-5 Housatonic Development with
Diversion to Kensico Reservoir

onnecticut River

-1 Middletown Diversion

2  Middletown Diversion, Stage 1
3  Middletown Diversion, Stage 2

C
C
C
C
C-4 Middletown Diversion

Long Island Groundwater

LI-1  Long Island Groundwater
One-Way to N.Y.C.

LI-2  Long Island Two-Way Exchange

Environmental and institutional concerns.
Cost and institutional constraints,

Acceptable project.
Cost and environmental concerns.

Institutional and environmental concerns.

Institutional and environmental concerns.

Acceptabie project.
Acceptabie project.

Environmental and institutional concerns.
Acceptable project.
Cost and environmental concerns.

Acceptable project.

Institutional constraints,
Institutional constraints.
Institutional constraints.

Acceptable project.

Acceptable project.

*Project identification numbers used in the source document.

this plan, New Jersey’s entire 300 mgd aliocation
of water from the Tocks island Dam and Lake
Project would be allowed to flow down river for
flow regulation. The New York City system would
be required to maintain 830 mgd rather than 1130
mgd at Montague, N.J. in low flow periods. The
additional 300 mgd retained in upstream reser-
voirs would then be available to meet the needs
of northern New Jersey. Water could be delivered
to northern New Jersey by either a pipeline from
Shaft 4 of the Delaware Aqueduct to narthern
New Jersey, or a tunnel from Kensico Reservoir
to Great Notch, New Jersey.

¢ Raritan River, Spruce Run-Round Valley—The
vield of the Raritan River has been increased by
80 mgd through full use of the existing Spruce
Run and Round Valley Reservoirs, the Hamden
pumping station and force main to Round Valley.
An improved outlet from Round Valley Reservoir
(R-1in Table 7-3) has been built by New Jersey to
make use of this additional supply. Withdrawals
for treatment and transmission to areas of use
can be accomplished downstream at either new
or existing intake sites.

¢ Confluence Reservoir—This project (R-2 in
Table 7-3} would include a one billion gallon res-
ervoir at the confluence of the north and south
branches of the Raritan River, a pumping station
atthe reservoir, and a force mainto Round Valley.
The drainage area above the proposed dam site
totals 466 square miles. Of this, some 41 square
miles are already regulated by Spruce Run Res-
ervoir and an additional 106 square miles are
tributary to the Hamden pumping station con-
nected to Round Valley Reservoir. Development
of the additional drainage area would increase
the upper Raritan River systermn safe yield by ap-
proximately 50 mgd. '

® Delaware River Diversion, Frenchtown - Round
Valley— This project (R-3 in Table 7-3) would
consist of facilities at Frenchtown to divert 300
mgd of Tocks Island Lake or equivalent in-basin
compensating storage releases to New Jersey.
The water could be released to the Raritan River
or pumped to either Round Valley or the Passaic
River Basin. However, the development of this
project will depend upon negotiating the neces-
sary institutional arrangements by the Delaware
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River Basin Commission within the provisions of
the Basin Compact.

¢ Two Bridges Reservoir—This would be a mul-
tiple purpose project {P-1 in Table 7-3} to include
the construction of a reservoir, a “dry-reservoir’’
detention area, and channel improvement. Water
supply could be developed from a 26 billion gal-
lon reservoeir to be located near the confluence of
the Pompton and Passaic Rivers at Two Bridges,
New Jersey. Part of the storage would be used for
flood control and the balance for water supply
purposes, with an estimated vield of 100 mgd,
exclusive of potential ground water recharge.
The reservoir would require dikes to exclude poor
guality runoff from the upper Passaic River in
favor of better quality water diverted by gravity
from the Pompton River.

® Delaware River Diversion, Frenchtown - Two
Bridges — Delaware River releases from Tocks
Island Lake or equivalent in-basin compensating
storage of 300 mgd would be diverted at French-
town for delivery to Two Bridges Reservoir by a
series of pipelines and pumping stations. (P-2 in
Table 7-3) Additional reservoirs along the con-
veyance route would be required and inter-
mediate points in New Jersey could be supplied.
However, the development of this project will
require negotiating the necessary institutionat ar-
rangements by the DRBC within the provisions of
the Basin Compact.

* Hudson River-Ramapo Diversion — Hudson
River water would be diverted to the Ramapo
River to supplement the Wanaque supplies of the
North Jersey District Water Supply Commission
and the Hackensack Water Company (P-6 in Table
7-3). Water might also be provided to Orange and
Rockland Counties in New York. The project
would include an intake and pumping station at
West Park, New York (opposite Hyde Park), a
31-mile aqueduct to the headwaters of the
Ramapo River at Harriman, a pumping station at
Pompton Lakes, and a force main to Wanaque
Reservoir. Yield would depend on availability of
storage in new and existing reservoirs but up to
250 mgd might be obtained without additional
storage for regulating Hudson River flows.

* South Jersey Ground Water—South of the fall
line between Trenton and Raritan Bay, New Jer-
sey, the topography is relatively flat, resting upon
coastal deposits dipping southeast into the Atlan-
tic Ocean. Wells tapping the Cohansey and Kirk-
wood sand aquifers in the coastal area produce
large quantities of water with the most abundant
supplies close to the ground surface. Natural re-
charge of the coastal aquifers averages 20 inches
per year, or 1.0 mgd per square mile. While the
water ultimately may be needed in southern New
Jersey, present demands are small and the po-
tential exists for water to be exported to the
densely populated regions in northeastern New
Jersey. This project{(SJ-1in Table 7-3) could vield
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up to 200 mgd.

¢ Hudson River Basin Storage — This project
{HU-1 in Table 7-3) is based upon the provision of
additional upstream storage in the Hudson River
for regulation of river discharges to allow high
rates of continuous diversion downstream.
Water would be diverted and treated on the east
bank in the vicinity of Hyde Park. A variation of
this project would have the diversion on the west
bank near West Park. In either case a tunnel
would be provided to Kensico Reservoir, one of
New York City’'s reservoirs in Westchester
County. The pumping stations and treatment
facilities could be built in stages as needed, but
the intake and tunnel would be constructed to
ultimate capacity. To provide the necessary stor-
age, the existing Hinckley Reservoir could be en-
larged and Schaghticoke Reservoir could be con-
structed. The existing Sacandaga Reservoir
power pooicould also be re-regulated to increase
the project yield. These upstream developments
could provide an increase in safe vield up to ap-
proximately 1500 mgd. Intermediate areas could
be supplied enroute by diversions from new tun-
nels or from existing facilities in the City system.
Northern New Jersey could be supplied using a
12-foot diameter tunnel from Kensico Reservoir.

¢ Hudson River Project— As initially conceived,
the project (HU-6 in Table 7-3) consisted of a first
stage in which water would be diverted from the
river near the west bank at West Park during
high-flow periods, treated and pumped through a
west banktunnel extending to a pointin Rockland
County and then proceeding under the Hudson
River to Kensico Reservoir in Westchester
County. A second stage, basically the same asthe
Basin Storage Project, could be added. The proj-
ect would utilize interconnections with existing
New York City system aqueducts and reservoirs,
and would provide water to New Jersey by
pipeline or by a connection to the tunnel in Rock-
land County. The project was estimated to have a
yield of up to 400 mgd.

The first stage project is the one selected for de-
tailed analysis in the NYMA and alternative con-
figurations, including one based on an east bank
diversion and tunnel, are described in the appen-
dix of this report.

* Trap Falls Reservoir — This project {(HO-1 in
Table 7-3) would be a run of the river diversion of
40 magd from the lower Housatonic River into the
existing Trap Falls Water Supply Reservair. The
project would support the New Haven Water
Company and Bridgeport Hydraulic Company
systems, enabling them to transfer water from
existing sources to adjacent systems in Western
Cennecticut.

® Housatonic River Power Reservoirs — The
Housatonic River could provide 160 mgd by con-
verting existing power generation storage to



water supply (HO-2 in Table 7-3). The top 10 feet
of storage in Candlewood Lake would be utilized
by pumping from the river in high-flow periods,
and the top 50 feet of storage in Lake Lillinonah
would be used for water supply releases rather
than for power generation as in the past,

¢ Housatonic River with Robbins and Konkapot
—This would be the same as the preceding proj-
ect with the addition of two upstream off-river
reservoirs; Robbins No. 2 at Falls Village, Con-
necticut and Konkapot No. 2 near Housatonic,
Massachusetts (HO-4 in Table 7-3). These two
reservoirs would be filled by pumping from the
main river. The total safe yield of the project with
all components would be 480 mgd.

* Connecticut River Middletown Diversion—This
project {C-1 in Table 7-3) is a run of the river
diversion which would deliver 80 mgd through a
pipeline from the Connecticut River at Mid-
dletown, Connecticut, to New Haven following
treatment at Middletown. Upstream storage of 16
billion gallons would be required in addition to
the considerable storage required to control salt
water intrusion into the estuary.

¢ Long Island Ground Water— The project con-
sists of a well field in Suffolk County with collec-
tor mains, storage reservoirs, pumping station,
chlorination facilities and transmission mains
into Nassau County (L1 in table 7-3). It is esti-
mated that a yield of 100 mgd could be obtained
and that it would be developed in stages to meet
increasing demand. However, Suffolk County
needs beyond the year 2000 will necessitate the
phasing out of this project as a regional source.

® Long Island Exchange — This project {LI-2 in
Table 7-3) proposes that during normal, non-
drought years, Long Island would be partially
supplied by the surplus of the New York City
system. This would permit natural recharge of
the Long Island aquifers, with minimal pumping
during normal and wet years. During dry periods,
150 mgd of Long Island ground water would be
furnished to New York City, and Nassau County,
over and ahove the requirements of Suffolk
County communities. However, Suffolk’s needs
after 2000 will have increased to the point where
this project would have to be phased out as a
regional source.

® Metering — The implementation of universal
metering in New York City might lead to signific-
antly reduced water use, but the yield is not cer-
tain. The Corps of Engineers’ estimate is that
about 50 mgd savings could result from universal
metering of all service connections in the City.
However, it is considered to be an essential ele-
ment in efficient water management and as atool
in monitoring the effectiveness of restrictive
measures during water emergencies of all types.

¢ Leakage Control—A program to reduce water
lost by leakage would entail a systematic proce-

dure to detect and control leaks as they developin
a water system, In the mid-1950's New York City
had such a program and the reported results indi-
cate that it was highly cost-effective. While leak-
age control is considered important in every
water system, an estimate was made only for
New York City where average savings in water
use of 25 mgd could be expected from an effort
comparable to that previously in effect.

* Domestic Conservation Devices —Design and
enforcement of building or plumbing codes re-
quiring the installation of water devices in all new
construction and major reconstruction could
save as much as b5 mgd by the year 2000 in the
New York portion of the NYMA and 85 mgd by
2020.

¢ Long Island Total Resource Management Pro-
gram—This project comprises a resource man-
agement program combining techniques such as
water conservation devices and methods; re-
charge of treated wastewater to aquifers through
wells, basins, and spray irrigation of farmlands;
recirculation; and surface water augmentation
with treated wastewater. These devices, under a
carefully monitored and coordinated program,
would meet the needs of Nassau and Suffolk
Counties through wise use of internal resources
or in combination with outside sources such as
the various Hudson River projects listed in Table
7-3.

There are technological uncertainties that must
be resolved before such a program could be im-
plemented. The Corps of Engineers and the New
York State Energy Research Development Au-
thority engaged in a joint study to develop the
master plan of a demonstration project that could
provide useful information for determining the
feasibility of integrating water supply, waste-
water management, power generation and land
use control. One aspect of this investigation
analyzed the implications of a full-scale program
and addressed the efficiencies and technologies
related to land application of treated wastewaters
via various irrigation systems, uitimately to per-
fect ground water recharge techniques. The con-
struction of thousands of stormwater recharge
basins throughout Long Island by Nassau and
Suffolk Counties would caonstitute the beginning
of such a Total Resource Management program,

PROJECT CONSTRAINTS

Many of the listed projects are eithercomplemen-
tary, thatis, they depend upon each other for their
estimated yields; or they are substitutes which
cannot both be developed since they would use
the same sources, the same storage or the same
transmission systems. Consequently, substitutes
could not be included together in the same re-
gional programs or in the same time frame of a
regional program, while complementary projects
must be.
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For example, the Delaware River diversion pro-
jects would be located downstream of the Tocks
Island Lake Project and utilize its releases. Diver-
sions to either Round Valley Reservoir or to Two
Bridges Reservoir would preclude other projects
also dependent upon use of storage in those sites
such as the Confluence Reservoir. The Tocks Is-
land Lake Project Exchange would not be feasible
with any of the Hudson River high-flow diversion
projects since all would utilize the storage and
aqueduct capacity of the New York City system to
provide additional yield.

If the Tocks Island project is deauthorized as rec-
ommended by the Corps of Engineers, a previ-
ously discarded project for high-flow skimming
of the Delaware River at Frenchtown would again
become viable for New Jersey. To obtain a yield
of 300 mgd would require a number of smaller
augmenting reservoirs upstream.

WATER SUPPLY PROGRAMS

Interim Report - 1975—An initial set of programs,
composed of projects selected from those de-
scribed, was presented for examination and re-
view as a "decision tree” in the NEWS /nterim
Report, January 1975, Certain considerations
were important in the development of the pro-
grams presented at that time.

1. The Hudson River was recognized to be the
predominant potential major regional source of
supply for southeastern New York and likely for
Northern New Jersey in the next century. It was
also recognized that a very long lead time would
be necessary for implementation of any Hudson
River project of the scale required to meet future
needs of the area,

2. Development of the Delaware River by con-
struction of the Tocks Island Lake Project re-
mained a potential major source even though a
majority of the Delaware River Basin Commis-
sion had withdrawn support for the project and
the Corps of Engineers was recommending
deauthorization.

3. The probability existed that, even with some
development of the Delaware River to meet near
term New Jersey needs, it appeared that utiliza-
tion of the Hudson River would eventually be
sought by New Jersey despite rather complex
institutional issues relevant to export of water
from New York reaches of the river.

4. Development of alternative sources for
northern New Jersey was not expected to elimi-
nate the eventual need for additional supplies
from the Delaware River.

Following publication of the Interim Report, a
formal public meeting was held in New York City
on 19 March 1976 to present the alternative pro-
grams and to obtain public views as a basis for
establishing the direction of continued planning
for the region.

Public Involvement—In addition to coordination
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with state and local governmental officials, the
NEWS staff sought to obtain the views of a wider
segment of the public throughout the study by
workshops and information meetings. Most were
held in the New York portion of the NYMA since
that area expressed the mostinterestin the study.

This effort revealed a number of significant is-
sues with important implications for the consid-
eration of early action projects. Foremost among
these was the general opinion that water conser-
vation measures, including universal metering,
should be implemented in New York City. Proj-
ects which did not include an emphasis on con-
servation measures and devices were not consi-
dered likely to be viewed favorably in areas
outside the city. Initially, the investigation of con-
servation measures centered on the metering of
New York City. Subsequently, the study of water
conservation for the region was expanded to
consider domestic conservation devices, indus-
trial conservation, leakage control, educational
programs, pricing policies, and a drought con-
tingency plan. Estimates of water savings or
“yield"” for each were established as well as the
nature of the actions which local or state gov-
ernments could take to achieve these yields. (For
details see the Appendix, Part Il, Section E,
“Water Conservation Measures for the NYMA™).
Conservation measures were considered impor-
tant to all subsequent formulation since their ef-
fectiveness would determine the size, cost and
operation of any early action project for the
NYMA. However, it was found that conservation
measures, by themselves, could not eliminatethe
region’s existing and projected deficits.

Redefining The Region’s Needs — As a conse-
quence of the recognized importance of proper
resource management, more specific analysis
was made of the parameters of water demand,
particularly conservation measures. It was con-
cluded that, although differences of opinion
might exist about particular items, the total
NEWS water demands and deficits were an accu-
rate representation of the needs of the region. It
was further concluded that water conservation
measures, locally implemented, should be a re-
quired precondition to Federal construction of
any project, and would inciude universal meter-
ing, leakage control programs, use of water-
saving domestic plumbing fixtures, and prepara-
tion of drought contingency plans. The potential
yield of metering in New York City was finally
adopted to be 50 mgd, after re-analysis indicated
that any greater yield would be highly uncertain.

Finally, it was determined that primary emphasis
would be placed on meeting the needs of the year
2000 rather than 2020, while retaining the flexibil-
ity to adapt to those later needs if and when they
arise. The year 2000 needs—that is, the drought-
condition deficits to be made up by a new re-
gional project after all allowances were made for



conservation efforts including metering — were
found to be about 390 mgd for New York, 320
mgd for New Jersey and 100 mgd for Connecticut.

Focus on New York State—Through several iter-
ations of the planning process, the NEWS Study
progressively narrowed its effort to focus on the
most promising early-action project: the Hudson
River Project, which would divert water from the
river during high-fiow periods, treat it near the
diversion point and deliver it by deep tunnel to
the region’s major demand centers. The selection
process, and the alternative regional programs
developed in the initial formulation stages, were
described in the 19 March 1876 public meeting in
New York City. At this meeting, the State of New
York and other local interests indicated the need
for a detailed analysis of the Hudson River Project
and requested the Corps of Engineers to com-
plete such a study. It was also urged that the
NEWS Study include New York City Tunnel No. 3
in the project plan as an element required for its
successful operation. City Tunnel No. 3 is a sys-
tem of conveyance tunneis designed by the City
of New York’s Board of Water Supply. At the
same meeting the States of New Jersey and Con-
necticut both expressed an interest in the NEWS
Investigations, but indicated that their own in-
state water resources would be adequate to meet
their water supply needs up to 2000. They there-
fore found no need for any of the early action
NEWS alternatives for their states to be analyzed
in more detail.

Throughout the earlier stages of the study, the
concept of high-flow skimming from the Hudson
River took several forms from flood-skimming of
very high discharges down to diversions during
relatively low-flow periods. Implicit in each, how-
ever, was the assumption that the project would
operate in conjunction with the New York City
system of reservoirs and conveyances. Since the
Hudson River Project would operate only when
river flows exceed a pre-determined level be-
cause of potential saline water intrusion, the
project would have a ‘'safe yield”” only to the
extent that it could increase the yieid of the total
system in which it would be integrated. The pro-
ject would require conjunctive storage and deliv-
ery capacity because of its intermittent operation.
On this basis, a series of project variations with
different yields and potential treatment plant
sizes was developed. Tunnel routes were gener-
ally described as east bank or west bank without
discussion of shaft sites, geology or specificroute
locations. The meeting of 19 March 1976 man-
dated a more detailed investigation of these is-
sues.

Connecticut State Plan—The Connecticut Plan of
Conservation and Development contains policies
and project proposals specifically pertaining to
water supply. The Plan consists of numerous
localized ground water and surface projects. The

following constraints were used by the State 1o
determine suitable projects:

1. No streams were considered for water sup-
ply which had sewage discharges within the
watershed.

2. No major relocations were allowed.

By the year 2020, implementation of the State
Plan will provide an additional 170 mgd to the
water supply in the NYMA portion of Connecticut.
Of this, approximately 44 mgd will come from
ground water development and the remainder
from surface projects. While there are over a
dozen surface projects, four will supply the bulk
of water. The diversion of the Shepaug River in
Roxbury will supply 52 mgd, the Trumbuli Dam
on the Poquonock River will add 6.5 mgd, the
expansion of facilities at Lake Whitney will further
add 15 mgd and the NYMA portion of the State
will receive 13 mgd from the West Aspetuck
River.

This plan includes preservation of future reser-
voir sites, management of watersheds to protect
water quality at those sites, continuing to prohibit
direct waste discharges into streams tributary to
public water supplies and continuing to disallow
the building of water supply facilities which
would be fed by wastewater receiving streams.

Potential New Jersey State Plan—The State of
New Jersey is developing a planto meetits future
needs through intensive development of intra-
state sources. The plan is expected to include:

MGD

2000 2020

Round Valley Modification [1] 80 B0
Two Bridges High Flow Skimming 80 80
Washington Valley Reservoir 7 7
Manasquan-Lower Reservoir 10 10
Manasquan-Upper Reservoir 25 25
Confluence Reservoir 50 50
Six Mile Run Reservoir 63 63
Raise Round Valiey 27 27
Monsville Reservoir 25 25
Delaware River Diversion 33 300
Hudson River Diversion or {33) 163
South Jersey Ground Water (33) (163}
TOTAL 400 830

[1] Completed in 1977.

THE REVISED NYMA DECISION TREE

Like its initial version, the revised decision tree
(Figure 7-2) presents alternative courses of action
to meet the future water supply needs of the
region. The alternatives it defines are, however,
more limited in scope. This is a result of subse-
quent information provided by public input and
technical analysis. For example, one constraint is
that each state's needs should be met without
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recourse to interstate transmission of water, if
possible. This constraint emerged when the
States of New Jersey and Connecticut indicated
they believe they have adequate intrastate
sources to meet their demands beyond the year
2000. NEWS projections for the Connecticut por-
tions of the NYMA indicate a greater demand
than that upon which the Connecticut State Plan
is based. Should these demands materialize the
Connecticut Plan would need to be modified
either by utilization of intrastate or out-of-state
sources not now contemplated or more intensive
development of the sources defined in the plan.

As the nature of the potential projects were re-
vised, so was the timing of their development.
The year 1980 is no longer a planning target,
since the necessary decisions to meet the needs
of that year should have already been made.
The primary goal now is to assure an ade-
quate water supply by the year 2000. Indeed, if
major source development decisions are much
further delayed, even that goal will be imperiled.
The revised tree identifies the conceptual nature
of the development needed, e.g., additional in-
basin storage in the Hudson River basin. Specific
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ways of doing this such as Hinckley Reservoir
Expansion, Schaghticoke Reservoir or re-
regulation of Sacandaga Reservoir, have been
identified at the feasibility level, none of these
appears to be clearly most desirabie at this time.

All four branches of the revised decision tree
share certain elements: metering and other con-
servation practices, the Hudson River Project,
Hudson River Basin Storage and South Jersey
Ground Water.

COSTS

Annual costs for locally-implemented projects
are based on amortization over 35 years at 7.0%
per year in New Jersey and Connecticut, and
8.5% in New York. For the federally funded Hud-
son River Project, a 50 year amortization period at
634% has been used. The local interest rates were
estimated on the basis of a statistical analysis,
performed in the Spring of 1977, of the vields of
long-term state and municipal government re-
venue bonds and utility bonds in each area. The

Federal rate is that prescribed by the U.S. Water

Resources Council.

EIERN



FGURE 7—2.
DECISION TREE—NYMA PROJECTS

= ITENS OF LOCAL COORRRE TN
ABSUARED FOH IMFLERERTATIN
CF THE HUGSON RIVER FROSECT

"EPRIECT BECTWMFNDED IN
TEER REPQHT

MEW YORE,
MNEW JERSEY
CONNECTICUT

TOTAL




ADDITIONAL SUPPLY, DEMAND VS. TIME

ERAMNCH 1
FIRST COST REQUIREMENTS
BRAMEH 1
200
SLIFFLY
AVERAGE DAILY LE Y
1500 DEMARND ' EXISTING STORAGE (PONDS, RESEAVOIRS, ETC.)

=== PFROPISED FIPELINES. TUMMELS, COMOUITS, ETC.

—— EXISTIMG PIPELINES, TLUMNELS, COMNDUITS, ETC.
B¥ PROPOSED STORAGE [PONDS RESERVOIRS, ETC)
B FROPOSED PUMPING STATIGN [0R WSTP)

' PROPOSED WELL FIELDS

ADDITIOMAL SUPPLY
DEMAND |MGDH
2
1
Milliars of Dollars
g 2§ 8883 § 8

50—
HUDSON Basin
ATORAGE
1580 1990 2000 2010 2030 1880 1550 2000 2010 2020 F_,r""_’ﬁ" ':faa-:"a'
YEAR YEAR e KT i
R
LELS AL h‘
BYETEM 1]
IR -
o <’f & CONNECTICUT
£ STATE FLAN
3 O e 4
F= .Fhl-!'l..rﬂl'.-l..l-l:-r._‘-l L—-.,r"'rr ._-\:_
: Tyl ! S
DECISION TREE - BRAMNCH 1 T
g HEWY HESER

" TEME OF UBGAL DODP ERATION
REQUIRED: FOR INPLEMENTATION
OF THE HUDS DN RVES PRIVELT

GIVERSICH : -

n
M 1 4
== WenfEsee
T
FR')_E.-—"’ ACRMMATIITH

1‘.'\—

i

£ —
b .%

HOUTH JER
GROLUND "W

R




BRAMCH NUMEBER ONE

Program Description

2000 -

2030 -

The smallin-state projects for Mew Jersey,
camprising projects such as Confluence
and Six Mile Rir Resereoirs, Manasguan
River development, a small Delaware
River diversion and inferbasio ransmis-
sicn features, has been indicated by the
State as adeguate to meet Mew Jersey's
320 mgd deficit. The Hudson River Project
would provide Mew York with 390 mgd,
and the Connecticut State Plan would
supphy that state with 100 mgd, In addi-
ticn. the implementation of water conser-
vation policies. including Metering {50
rmigdy Leskage Cortrol (25 mgd) and
Domestic Conservation Devicss (55 mga],
Ei ' save: the aquivalent of 130 mgd in New
ark,

Mew Jersey would reguire an additianal
430 mgd to meetits 2020 deficit. New Jer-
ey has available to mest this need the
lellowing developrments: an increase of
the Delaware Diversion from 35 mgd to
300 mgd, supported by eguivalent in-
basin storage, and the development of
Sauth Jersey Ground Water for about 165
mgd. For Mew ¥ork, the Hudson River

Basin Storage Project would have to be
developed to provite 400 mgd, This star-
Bge could be achigved githar through re-
regulation of existing reservalrs o neer
reservair develapment. It is racognized
that new reservair development is nat cur-
rently & viable altermative. It is nol Baing
proposed ag g solution now, but as a long
run altermative which must be recansg
darad in the future 85 the need lor addi-
tiomal water arises, Domestic conserva-
Tiar davices would provide the additional
O mad needed o moet Noew York's deficit.
Yield from the Connecticut State Plan
wiolld need ta be increaged from 170 mgd
to 240 mygd by more extensive develap-
ment of sources included in the plan ar by
including sources not cansiderad in the
plan.

PROGRAM RATIONALE

This branch, utilizing the Connecticu: State Plan
and the small in-state projects identified by Mew
Jersey, would require the least instituticnal rear-
ramgement and could therefore De the most eas-
ily implemented course of action.
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BAANCH NUMBER TWO PROJECT DATA FOR

: BRANCH 2
‘ragram Descripti b T T h R
9 Pt sare FIRST ANNUAL COST PER
; . 05T M
2000 - Newy Jaraey's needs would be mat by the project, For Mew York, the Hudson River PROU . e x
development of larger in-state sources in- Basin Storage Project would provide 400 it 23T (mgd) LU irem a5 Al Hemal
cluding 100 mgd each from Two Bridges mgd. This will require increazes in basin Twao Bridges 100 130 18 483
Resarvoir and the Delaware Diversion, starage by sither reregulation of existing Dal 0o
and 120 mgd from South Jersey Ground fESErVOIrS of New reservair construction. o i ke 4 £
Water, The Hudson River Project would Domestic Conservation Devices will pro- South Jersey
provide Mew York with 380 mgd, and the vide an additional 30 mgd. The Connac- Ground Water 200 310 32 434
Connecticut State Plan would supply 100 ticut State Plan would need to be ex- Metering in NYC i) 154 16 8ss
migel. Coneervation mgasures including pended from 100 mgd to 240 mgd by more Leakags Control
Matering (50 mgd), Leakage Control (25 extensive devalopment of the sources in- = r,R.-C 75 Lk i 148
mgd| and Domestic Conservation Devices cluded inthe plan or including sources not
(58 mgd] would provide an equivalant of congidered in the plan. Demestic Cons,
130 mgd in New York. Devicas {NY) 85 = = e
020 - Mew J'E!rﬂl'.!'s" would FE'EIIJiI"E an additional PROGRAM RATIONALE Hi.]dﬂl?l'l River
430 mygd to meet its 2020 deficit, which This branch dizplays an alternative near-term Project {1) 350 3,655 346 2431
would mean expansion of the South Jer- plan for Mew Jersey, utilizing fewer and largar Hudsan River
gay G[-:::uru:l Yatar Project !-::'.|_|1‘$ _estir'nated projects, of @ mare regional natura. It aleo com- Basin Storage 780 247 a7 135
capacity of 200 rmgd, and utilization of 350 prises a larger Fadaral rela, with interstate utiliza- C Heuk
mgd from the Hudson River Basin Storage tian of tha Hudaon. DS'E:': P'T:n 240 136 15 400

(1} Annual cost for Hudson River Project assumes amartization at 5.375% per year aver 50 years.
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BRANCH NUMBER THREE

Program Description

2000 - The srmall in-state projects for New Jersey,

2020 -

comprising such projects as Confluenca
and Six Mile Run Reservoirs, Manasguan
River development 8 emell Delaware River
divarsion and interbasin transmission fea-
tures, has been indicatad by the state ss
adequata to meet New Jersey's 320 mgd
deficit. The Hudson River project would
provide Mew York with 390 mgd, and re-
regulation of Housatonic River powar re-
servoirs wirlld imcrease safe yields in
Connecticut by the 100 mgd necessary to
mest the deficll. Conservation practices,
including Metering (50 mgdl, Leakage
Control [25 mgd) and Domestlc Conserva-
tion Devices (55 mgd | would yield an addi-
tiomal 130 mgd for Naw ¥ork.

Mew Jersey would raguire an additianal
420 mgd to meet its 2020 deficit, The State
has indicated South Jersey Ground YWatar
could be daveloped to provide about 165
mgd. This still leaves a deficit of 265 mgd,

which could be met by increasing its Dal-
awara Divarsion from 35 mgd to 300 migd,
supportad by equivalent in-basin starage,
For Mew Yark, the Hudson River Basin
Storage Project would be naeded to pro-
vide 430 mgd by either construction of
new upstream reservairs or re-regulation
of existing reservoirs. Domestic Conserva-
tion Devices wauld vield an additional 20
mygd. Safe vields in Connecticut could be
ingraased by anadditional 140 mgd by the
further development of the Howsatonic
River, including additional re-regulation of
tha Housatonic power reservairs and ¢on-
struction of Konkapot Reservair.

PROGHRAM RATIONALE

This branch illustrates an alternative near-term
course of action for Connecticut, utilizing sources
excluded under current stata policy, and develap-
ing them to a larger, more regianal extent than is
typical of the state plam,
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BRANCH NUMBER FOUR
Program Description

2000 -

2020 -

Mew Jersey’s deficlt of 320 mgd waould be
met by 170 mgd from Sowth Jersey
G raund Water, 100 mgd from Twe Bridges
Reservoir, and 50 mgd from Confluencs
Reservair. The Hudsan River Project
wolld provide Mew York with 290 mgd,
and Housatonic River power reservair re-
regulation would fursish the 100 migd
necessary to maet the projectad deficitin
Connecticut. A conserdation  pragram
weead ol pr‘::ml:;iu. 120 |1'|1_:':||;'1 far Mo York in-
cluding Metaring, Leakage Control and
Damestic Conservation Devices,

In order to meet New Jersey's long run
neacds, Six Mile Aun and the Upper and
Lower Manasquan Reservoirs, providing
100 mgd, would ba constructed. Maw Jar-

sy could alsa furn to the Hodson far its
additional need of 330 mgd, For New York,
the Hudsan Baain Storage Project would
b reguired a% well. The total increase in
vield necessary would be T30 mgd
Domestic Conservation Devices would
provide an additional 30 mgd far Mew
York. In Connecticut, & further  re-
reqgulaticn of the Housatonic power reser-
viirs could provide an additianal 40 mgd.
The ramaining 100 mgd would be pro-
wided by the sanstrustion of Konkapot Re-
servoir in the Housatonic Basin,

PROGARAM RATIOMALE

This branch presants projectsthat ara, in general,
larger and more regicnal in character. Such &
program could face maore abstacles o its im-
plermentetian.
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CHAPTER 8: EASTERN MASSACHUSETTS-RHODE ISLAND
METROPOLITAN AREA (EMRI)

BACKGROUND

The Eastern Massachusetts-Rhode Island {(EMRI)
Metropolitan Area consists of the entire state of
Massachusetts except Berkshire County and the
entire state of Rhode Island (Figure 8-1).

The NEWS water supply planning, since its initia-
tion in the Eastern Massachusetts-Rhode Island
area, has followed a stepwise approach. In 1967
and 1968, a series of limited scope reconnais-
sance reports were prepared to provide an over-
view of the New England water supply situation.
On the basis of these reports, the EMRI area was
identified as a region requiring early augmenta-
tion of existing supplies.

Following completion of the reconnaissance
studies and meetings with water resource offi-
cials from Massachusetts, Rhode lsland and
Connecticut, and the New England River Basins
Commission, a feasihility study on the EMRI
water supply problems was made.

The water supply feasibility study completed by
the NEWS Study in iate 1969 (See Annotated List
of NEWS Reports) describes the water supply
problem of the Eastern Massachusetts-Rhode |s-
land area. It includes details on the area’s water
demands projected through the year 2020, and
presents a number of solutions to meetthem. The
most urgent demand for additional water supply
appeared to be in the Greater Boston and Provi-
dence Areas.

Methods of meeting these future demands were
presented in the feasibility study by means of
illustrative regional plans. Although illustrative,
these regional plans demonstrate the predomin-
ant role which development of the Merrimack
River and at least some Connecticut River water
will have in mesting future water supply needs.
Recognizing the role of these two major river
basins in meeting future needs allowed an evalu-
ation of the development priorities which should
occur, On the basis of the analysis included in the
feasibility study, early limited development of the
Connecticut River Basin (to 1990} followed by
later development of the Merrimack River Basin
{1990-2020} appeared to offer a cost effective
means of meeting the region’s needs. The Boston
area demand appeared to be so great as to even-
tually require interbasin diversions from either or
both the Merrimack and Connecticut River Ba-
sing, totaling 300 mgd or more.

At a meeting to discuss the feasibility report in
May 1970, Federal agencies and representatives
from Massachusetts, Connecticut, Rhode Island,
and the New England River Basins Commission
agreed on the direction of more detailed studies.
Of prime concern was the nearterm (prior to

1990) water supply problem of the Eastern Mas-
sachusetts areas.

It was agreed that the Corps would study two
projects in detail for diversion of less than 200
mgd from the Connecticut River Basin, investi-
gate the use of the Merrimack River as a regional
and local source of water supply, and determine
the potential environmental impact of large di-
versions on the Merrimack and Connecticut River
estuaries.

The May 1970 meeting was quite important,
therefore, because it helped define the policies
which would guide future water supply de-
velopment within the EMRI! area. Within Mas-
sachusetts this policy direction is-aimed towards
meeting short range needs by local surface and
ground water developments, together with the
Northfield Mountain and Millers River Basin
projects. These developments to meet shortterm
(1990} needs allow time to institute water conser-
vation measures, carefully investigate Merrimack
River use, and permit technological advances in
such techniques as desalination and recycling
which may be helpful in meeting the longerrange
{2020} demands.

In Rhode Island, that State has noted its prefer-
ence for in-state development of its resources
rather than connection to an interstate water sys-
tem. Rhode island’s policy direction, therefore,
follows a stage development of ground and sur-
face water sources located principally in the Paw-
tuxet, Blackstone and Pawcatuck River Basins.

In 1974, reports were completed on the two Con-
necticut River diversion projects, Northfield
Mountain and Miliers River. The survey reports
have been reviewed and the projects recom-
mended for implementation by the Board of En-
gineers for Rivers and Harbors. Studies indicated
that the projects, as finally formuiated, could pro-
vide an additional 148 mgd of water supply with
minimal risk of environmental damage. Further
supplies could then be obtained from the Mer-
rimack River, Ground Water (Plymouth County),
and local sources.

AREA PROFILE

The EMRI area consists of Rhode Island and all of
Massachusetts except Berkshire County. The re-
gion contains 357 municipalities and a popula-
tion of 6.5 million. The population is expected to
increase to 9.7 million by 2020. Of the current
population, about 856% is urban.

The Boston area is the most significant element
of the EMRI Area in terms of the demand exceed-
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ing the safe yield of existing systems. It is geo-
graphically and economically the center of the
largest employment and population cluster in
New England. Boston, the central city, is the Capi-
tal of Massachusetts and the most populous city
in New England.

Population growth near the major metropolitan
areas is expected to increase at a more rapid rate
than in other sections, with the largest increases
most likely to occur near the urban centers of
Boston and Providence.

WATER DEMANDS

As shown in Table 8-1, the average water demand
in the area in 1965 was nearly 760 mgd. This
demand may reach about 1,080 mgd in 1980;
1520 mgd in 2000; and 1830 mgd by 2020. Of the
expected demand, fully 75% is expected to occur
in Massachusetts counties east of Worcester
County. About 80% of the Rhode Island require-
ment will come from the counties in and adjacent
to the Providence Metropolitan Area. The impor-
tance of meeting this increase in demand is un-
derlined by the fact that 96% of the total popula-
tion in the area depends upon public systems as
their sole source of water supply.

The projected demand as expressed in gallons
per capita per day (gpcd) varies throughout the
EMRI area and is subject to high seascnal varia-

tion. In Massachusetts this demand varies from a
low of 100 in Franklin County in the year 1980,
rising to 162 in 2020, to a high of 312 in Dukes
County in 1980 rising to 395 by 2020. In Rhode
Istand the least demand in 1980 is projected for
Newport County, B0 gpcd, rising to 125 in 2020
white the greatest demand of 135 gpcd is forecast
for Providence County in 1980, rising to 176 in
2020.

As can be seen from Table 8-1, a deficit or de-
mand for additional water will exist in the areas
as a whole in 1980. Most of the additional re-
quirements occur in the Massachusetts portion of
the area. In the Rhode Istand portion deficits ap-
pear for the first time in 1980 and increase in later
years. Local community deficits may appear ear-
lier. Thus the area as a whole must be considered
as one with urgent water supply problems,
mainly in Massachusetts.

AVAILABLE WATER

There are 369 public water supply systems within
the area with a combined safe yield of about 970
mgd, with a deficit of about 140 mgd in 1980.

The Metropolitan District Commission {MDC) of
Massachusetts is the largest regional system in
New England. This system supplies either all or
part of the water in 42 communities including
Boston. The MDC served about2 million persons,
or 37% of the Commonwealth's 1970 population.

TABLE 8-1
COMPARISON BETWEEN EXISTING OR PROJECTED DEMAND 1. 2
AND YIELD —EMRI (in mgd)

1965

Population Mass. 5.1
{Millions) R.l 0.9
TOTAL 6.0

Water Demand Mass. 660
R.L 89

TOTAL 749

Yield of Existing Mass. 813
Water Systems R.L 160
TOTAL 973
Deficit or Mass. (153)
Over Supply R.l { 71)
TOTAL {224)

1980 1990 2000 2020
6.1 6.7 7.3 8.4
1.0 1.1 1.2 1.3
7.1 7.8 8.5 9.7

953 1,140 1,349 1,674
123 147 170 219
1,076 1,287 1,519 1,893
813 813 813 813
160 160 160 160
973 973 973 973
133 325 536 861

3 20 44 59

136 345 580 920

"Based on gpcd values by county shown in 1969 Feasibility Report and Obers Series E

population projections.

2Deficit or over supply figures do not agree numerically with differences between Water
Demand and Existing Yield due to local supplies, and an imbalance of local supply with local

deficits.
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MDC relies solely on surface water for its supply.
Its three major reservoirs, Quabbin, Wachusett
and Sudbury, impound flows in the tributaries of
the Connecticut and Merrimack River Basins.
Quabbin, with a capacity of 412 billion gallons, is
the backbone of the system. It impounds the
runoff from 186 square miles of the Swift River
watershed and flow diverted from 98 square
miles of the Ware River watershed, both
tributaries of the Connecticut River. It appeared,
until the recent cccurrence of larger than normal
inflows, that Quabbin could be dry by 1985 and
unusable at some point before then,

Safe yield of the MDC system is about 300 mgd
and average daily use in 1976 was 317 mgd. As
per capita water use continues to increase and
more communities join, or otherwise become
dependent upon MDC, the system will be put
under increasing strain. At the same time, any
drought or failure in the MDC system will have
severe and far reaching ramifications. Histori-
cally, surface water has been the principal source
of supply for the area. Several river basins, con-
tained either wholly or partially within the area,
have potential for economical development of
additional water supply sources. These potential
sources are the basins of the Merrimack, Ipswich,
North, Taunton, Weweantic, Pawtuxet, Black-
stone, Thames, Pawcatuck and Connecticut Riv-
ers. Together, they have a total drainage of about
18,100 square miles and an average annual
runoff of 19,400 mgd.

Although the combined runoff of these River Ba-
sins appears to be enough to meet all water sup-
ply requirements, there is an acute shortage of
developed facilities to tap that supply. Unfortu-
nately major use areas do not coincide geo-
graphically with the major water sources.

The following sources were considered for de-
velopment,

Connecticut River Basin

The ConnecticutRiver Basin, with a drainage area
of 11,265 square miles and an average annual
runoff of 12,400 mgd is the largest in New Eng-
land. The total developed yield of the Basin is
only 260 mgd. The river rises inthe Third Connec-
ticut Lake in northern New Hampshire near the
Canadian border. From the lake, the river flows
south through New Hampshire, Vermont, Mas-
sachusetts and Connecticut for about400 milesto
its mouth on Long Island Sound at Saybrook,
Connecticut. Water from the Basin has long been
used for supply by Basin communities and for
interbasin transfer to Boston and the surrounding
area.

Merrimack River Basin

The Merrimack River Basin lies in central New
England and extends from the White Mountain

region of New Hampshire south to the east cen-
tral region of Massachusetts. it has a total drain-
age area of 5,010 square miles and an average
annual runoff of 4,900 mgd. In 1965, total de-
veloped yield of the Basin was only 1770 mgd, with
20 mgd drawn from the mainstem.

Many tributaries of the Merrimack in the study
area have been used as water supply sources,
with the MDC Wachusett and Sudbury reservoirs
representing the major projects.

Although the mainstem of the Merrimack has a
large potential for water supply, municipalities
have shunned the River because it is highly pol-
luted with industrial and municipal waste. For
many years, the only major user of the River was
the City of Lawrence. Recently, however, Lowell
has also begun to use the River for water supply
because of the scarcity of other sources.

Similarly, as water demands increase and cleaner
local sources prove inadequate, more com-
munities, both in the Basin and beyond it, may
tap the Merrimack for supply.

Available additional major storage reservoir sites
within the Basin are scarce and appear expen-
sive. However, the large flows of the mainstem
itself provide an opportunity for use by direct
withdrawal and treatment of high flows.

Blackstone River Basin

The Blackstone River Basin headwaters are lo-
cated in central Massachusetts. From there the
River flows in a generally southeasterly direction
to Pawtucket, Rhode Island, and then southerly to
its mouth at the Providence River. Total drainage
area of the Basin is 540 square miles with an
annual runoff of 59 mgd. Present water guality
within the Basin is generally poor to fair. How-
ever, some small tributaries possess good quality
water.

Two tributaries, Nipmuc River and Tarkiln Brook,
of the Blackstone River could be developed.

Ipswich River Basin

This Basin, located on the Massachusetts North
Shore, is one of a series of small coastal rivers
which drain the eastern Massachusetts region. It
has a drainage area of 155 square miles and an
annual runoff of 160 mgd. At present, water qual-
ity within the Basin is generally good and the
runoff from the Basin is heavily used for water
supply purposes with the majority of supply ex-
ported from the Basin to nearby communities.

North River Basin

The North River Basin is located on the Mas-
sachusetts South Shore. At present, the river is
one of the few Eastern Massachusetts basins that
is relatively undeveloped. It has a drainage area
of 68 square miles and an average annual runoff
of 74 mgd.
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Pawcatuck River Basin

The Pawcatuck River Basin is located in the
southwestern part of Rhode island and south-
eastern Connecticut. The watershed of the Basin
totals 303 square miles with an average annual
runoff of 364 mgd. Existing water quality in the
Pawcatuck is generally good, although some
reaches of the mainstem river are poor.

Pawtuxet River Basin

The Pawtuxet River Basin is located in the north-
ern half of Rhode Island. The River drains an area
of 230 square miles, all of which lies within Rhode
Island with an average annual runoff of 290 mgd.
In general, most of the Basin’s streams are of
good quality; however, lower reaches of the
mainstem river are classified as poor. The hilly
topography of the watershed has in the past lent
itself to the development of water supply reser-
voirs, and the Providence Water Supply Board's
sources are located within this River Basin.

Thames River Basin

The Thames River Basin lies principally in the
eastern part of Connecticut, with portions extend-
ing into south central Massachusetts and north-
wastern Rhode Island.The drainage area of the
Basin is 1,474 square miles with an average an-
nual runoff of 1,668 mgd.

Present water quality in the Basin's streams
range from poor to good with the Rhode Island
portion of the Basin classified as good.

Taunton River Basin

The Taunton River Basin is a moderate size
coastal basin that drains portions of Bristol and
Plymouth Counties in southeastern Mas-
sachusetts. lts total drainage area is 543 square
miles with an average annual runoff of 635 mgd.
Existing water quality within the Basin varies
from good in some headwater tributaries to poor
in the lower reaches of the mainstem river.

Weweantic River Basin

The Weweantic River Basin is a small stream in
southeastern Bristol County draining into Buz-
zards Bay.

Ground Water

Small yields can be developed from wells in most
of the till or bedrock aquifers that underlie Mas-
sachusetts and Rhode Island. However, they
would be of minor regional importance because
they are capable of sustaining only relatively
small yields, more suitable for local demand.
There are, however, a few areas where ground
water could be developed encugh to make it an
element in a regional scheme. The most notable
of these sites are Barnstable and southeastern
Piymouth Counties. In these and other regions
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suitable for possible ground water development,
the quality of the water is guite good.

WATER SUPPLY PROGRAMS

During the planning activities in the New England
area, officiais and citizens in the area expressed a
desire to meet water demands in concert with
several additional objectives. One strong point
stressed by New England officials was their de-
sire to aveid the construction of any new reser-
voirs that would remove land from use, displace
people, and possibly involve environmental
damage. Therefore, planning in the New England
area has stressed the possibility of adding to ex-
isting systems, using existing reservoirs, and
capitalizing on the high spring river flows wher-
ever possible.

Within Southeastern New England, as in the
other most critical areas, planning to meet grow-
ing water demands is continuing. The planning to
date, however, has revealed that the Connecticut
and Merrimack River Basins, because of their size
and location, could be called upon to furnish sig-
nificant quantities of future water supply to the
region.

As illustrated on Figure 8-3 the timing and sizing
of facilities for development will depend on the
branch selected. For example, if Branch 3 were
selected, then critical short term demands would
be largely met through development of locally
available supplies. During the early time frame,
very limited development of the Connecticut
River Basin would be necessary. Inthe mid-range
years, 1990-2000, locally available supplies may
again furnish a major portion of the needed sup-
ply. By the long-range target years of 2000-2020,
however, development of the Merrimack or pos-
sibly the Connecticut River Basins or both will
praobably be required to meet future water needs.
Plymouth County Ground Water is an alternative
to use of these Rivers. Development can be de-
layed or reduced if local interests can implement
a demand reduction program through restric-
tions or water saving fixtures.

Areview of branches 1 and 2 on the Decision Tree
reveals dependence on the Connecticut and Mer-
rimack River Basins as principal sources for the
area’s future needs. Major differences between
the branches lie in the timing and scope of de-
velopment for the two major river basins,

Branch 1 as one physically feasible alternative
would require a commitment to large scale de-
velopment of the Connecticut River Basin and
Plymouth County Ground Water. Branch 2, on the
other hand, would require a decision for reliance
on the Merrimack River as well as Plymouth
Ground Water. Branch 3, because of its depen-
dence on locally available resources in the short
to medium range target years, allows the deci-
sion regarding any requirement for further de-
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velopment of the Merrimack River and Plymouth
County Ground Water to be made at a future date,
Such a decision, of course, would have the ben-
efit of advances in water supply technology and
the latest economic and demographic trends.

The purpose of discussing the relationship of the
Connecticut and Merrimack River Basins is to
present the source-supply situation that NEWS
investigations have revealed. It is especially im-
portant to appreciate the significance of the Mer-
rimack and Connecticut Basins to the region
when two special issues are considered.

One issue that must be considered by decision
makers is Massachusetts’ relationship with the
State of Connecticut, This downstream state is
opposed to further diversions by Massachusetts
from the Connecticut River Basin. Before Mas-
sachusetts impounded the Swift River, a tributary
of the Connecticut, to form Quabbin Reservoir in
1931, Connecticut brought suit to stop the diver-
sion. The court decided in favor of Mas-
sachusetts.

Then, as now, Connecticut officials pointed out
that even skimming of a limited percent of the
flow might have detrimental effects on its portion
of the River. Maintaining spring freshet (peak
flows), accerding to the State Department of En-
vironmental Protection, has benefits such as re-
charging ground water, replenishing of agricul-
tural flood plain soils, flushing of sludge and silt
deposits, maintaining wildlife and aquatic habitat
and being a triggering mechanism for anadrom-
ous fish runs.

A second issue is the possible upstream diver-
sion of flow by New Hampshire from the Mer-
rimack River Basin to serve the water needs of the
coastal area. No detailed proposals have been
formulated by New Hampshire on this project;
however, feasibility plans have been prepared.
On the basis of all information gathered to date,
there appear to be few alternatives to such a di-
version scheme,

Because there has been no definite proposal ad-
vanced by New Hampshire, Massachusetts has
not offered an opinion of such a plan. In the fu-
ture, however, the Merrimack Basin may be
needed as a major source of supply for Mas-
sachusetts and an allocation agreement between
New Hampshire and Massachusetts will be
needed.

PROJECTS CONSIDERED

Many projects were investigated and found tech-
nically feasible, as reported in the many NEWS
Reports on the Region (see the Annotated
List of NEWS Reports). Not all of these projects
have been investigated to the same degree of
detail, however. The projects shown in this report
are illustrative, and they do reflect the region’s
major sources of water supply and the choices

available to meet future water supply needs.
These projects are summarized and organized in
groups based on the source from which water is
drawn.

Connecticut River Basin

Several possible methods of developing addi-
tional water supply from the Connecticut River
Basin to aid in meeting the region’s future water
supply needs were investigated. Three of the
projects considered would aid in meeting out-
of-Basin needs in Eastern Massachusetts as well
as portions of the in-Basin needs. All of the pro-
jects considered are high flow diversion projects.
Water would be delivered through aqueduct sys-
tems for storage in the existing Quabbin Reser-
voir. From Quabbin, the water could then be deli-
vered to communities principally located in East-
ern Masschusetts.

* Northfield Mountain Project. A small portion
of the annual spring runoff of the mainstem Con-
necticut River would be diverted to Quabbin Res-
ervoir for use as water supply. These mainstem
flows would be diverted via an existing pumped
storage hydroelectric facility at Northfield Moun-
tain, Massachusetts. The possibility of changing
the pumped storage project to include water
supply is currently being negotiated by electric
utility officials and the Metropolitan District
Commission.

Modification of the hydroelectric operating
schedule tc add the water supply function would
consist of extending the dzily pumping cycle of
the 12,000 cfs reversible turbines 1.4 hours dur-
ing highflow periods. This additional period is
considered the idle time for the power installation
between its pumping and generating cycles. The
additional 375 million gallons pumped during
this 1.4 hours would then be stored for water
supply on top of the water stored for power gen-
eration in the Northfield Mountain pumped stor-
age reservoir,

The additions required to develop the project for
water supply would consist of additional storage
in the power pool; an 8.5-mile, 10-foot-diameter
connecting tunnel to Quabbin Reservoir; disin-
fection units and minor appurtenant structures.
The estimated safe yield of this projectis 72 mgd. -

* Millers River Basin Project. This project would
divert water by highflow skimming from the Mil-
lers River Basin, a tributary of the Connecticut
River, which lies generally north of Quabbin Res-
ervoir. An 8-foot-diameter tunnel would be built
from the existing Tully Floed Control Dam and
Lake to carry the withdrawn high flows from the
Tully River to the Millers River, At the Millers
River above Athol, Massachusetts, an intake
would divert the water from the Millers to a
10-foot-diameter, 9.5-mile tunnel to Quabbin
Reservoir. Because water in the Millers is pres-
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ently heavily polluted, this project includes waste
treatment plants upstream from the river intake.
This project would provide an additional 76 mgd
of safe yield to the Quabbin Reservoir system.

¢ Connecticut River Diversion (500 mgd). The
project that could be constructed would high flow
skim water from the mainstem Connecticut near
Hadiey, Massachusetts. Water withdrawn would
be delivered to Quabbin, via pumping through a
26-foot-diameter tunnel 9.8-miles-long. A new
tunnel 24.2 miles long, would connect the
Wachusett and Quabbin Reservoirs, From
Wachusett, a new 14.1-mile-tunnel may be
needed to connect to the existing agueduct sys-
tem. Quabbin Reservoir might require some en-
largement.

Merrimack River Basin

Two of the projects investigated which would
develop resources of the Merrimack River Basin
are included in programs developed. The service
areas vary from municipalities near the River to
out-of-Basin areas in eastern Massachusetts, The
Projects are interchangeable and are therefore
not separately identified in Figure 8-3.

® Merrimack River High Flow Skimming. This
project would divert flow from the Merrimack
when river flow is in excess of other water re-
source requirements, such as that needed for es-
tablished water quality standards. Withdrawal
from the river would be used to maintain max-
imum storage in Quabbin and Wachusett Reser-
voirs. During high flow periods in the Merrimack
River, water demands within the consumer area
would be met partially or wholly by diversions
from the Merrimack River. During low flow
periods, when flows are lower than those neces-
sary for allied water resources uses, no diver-
sions would be made from the Merrimack. During
such periods, water supply needs would be met
by drawing water from Quabbin and Wachusett
Reservoir storage. This project reduces upstream
storage reservoir requirements and would yield
210 mgd.

¢ Merrimack River Continuous Withdrawal, This
project would use the Merrimack River as a water
supply source on a year-round basis. In this plan,
water would be diverted, treated and delivered
daily. During periods of low flow, water would
have to be released from upstream reservoirs to
compensate for the low flow withdrawals. This
continuous withdrawal method would also yield
210 mgd.

In order to fully develop yield from either project,
needed facilities would include intake works on
the Merrimack River, a major water treatment
plant and 92 miles of varying diameter tunnel
within the Boston Metropolitan complex and a
connecting 14-mile tunnel aqueduct from
Wachusett Reservoir to the transmission
aqueduct loop. I continuous withdrawal were
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used then several upstream reservoirs would
also be required.

Ipswich River Basin

¢ Ipswich River Project. In this project, the Ips-
wich River would be further developed by high
flow skimming from the mainstem to an off-
stream reservoir. The available yield is estimated
to be 25 mgd. This project would require con-
struction of an off-stream reservoir, diversion
aqueducts, a pumping installation, a water
treatment plant and a force main connecting the
reservoir to the treatment plant.

Taunton River Basin

¢ Taunton River Diversion. The project would
skim the high fiows of the Taunton and deliver it
to off-stream storage facilities.

One method would divert water from the Taun-
ton to existing storage at the Lakeville Ponds
complex. The second method would deliver di-
verted flows to a proposed reservoir site, known
as Copicut Reservoir.

Water from either of the off-stream storage sites
would be treated and delivered via transmission
facilities to communitites in southeastern Mas-
sachusetts. Potential yield would be 25 mgd.

¢ Taunton Estuary. Further development of the
Taunton could be accomplished by construction
of a dam and reservoir in the lower reaches of the
River. The site selected for this project is located
near the river mouth within the tidal estuary por-
tion of the Basin. This facility would yieid about
97 mgd for Bristol County, Massachusetts and
perhaps portions of Rhode Island.

Weweantic River Basin

* Weweantic River Diversion. Diversion of flow
from the Weweantic River to the existing
Lakeville Ponds storage complex has been pro-
posed as an early action project for the New
Bedford-Fall River-Taunton, Massachusetts, met-
ropolitan area. This diversion would provide 156
mgd for that region.

Pawtuxet River Basin

¢ Big River Reservoir. The projectwould develop
the Big River watershed for 28 mgd by construc-
tion of a dam and storage reservoir on the mains-
tem of the River. Water drawn from storage
would betreated and conveyed via force mainsto
existing transmission lines of the Providence sys-
tem.

Construction of the Big River dam would provide
82,000 acre-feet of additional storage. Water
drawn from the reservoir would be conveyed in a
1.1-mile 90-inch-conduit to the water treatment
plant. Finished water from the treatment plant
would be conveyed to existing transmission
mains through a 4.5-mile, 84-inch-diameter pipe



and a 2-mile 10-foot-diameter tunnel.

* Flat River. The adjoining watershed, Flat River,
has limited storage sites and transfer of water
from the Flat River via high flow withdrawa! could
increase the dependable yield of Big River Reser-
voir. Additional yield from this project is esti-
mated to be 13 mgd.

Thames River Basin

¢ Moosup River Diversion, Development of the
Thames River Basin within Rhode Island would
consist of high flow withdrawais from the

" Moosup River to a small regulating reservoir and
then to Big River Reservoir.

The major components of the Moosup River di-
version would consist of a diversion dam on the
Moosup and pumping facilities with connecting
aqueduct to the Big River Reservoir to develop a
yield of 20 mgd.

Pawcatuck River Basin

* Waod River Project. The projectinvestigated in
the Pawcatuck River Basin would develop a
tributary, the Wood River. The Wood develop-
ment, an alternative to the Moosup project de-
scribed earlier, would flood skim and deliver
water to the Providence area via the Big River
Reservaoir.

The major components of the Wood project are
an initial diversion dam and intake structure,
pumping facilties and a connecting aqueduct
from the intake to the Big River watershed. Even-
tually, as demand increases, a dam and reservoir
could be built to develop the maximum potential
of this source.

Flow would be diverted from the Wood through a
4.2-mile, 48-inch-diameter pipeline to the Big
River Reservoir. The additional yield would be 19
mgd. If a 13,500 acre-foot reservoir was ulti-
mately added to the system, the Wood River sys-
tem total yield would be 30 mgd.

Blackstone River Basin

® Nipmuc and Tarkiln Reservoirs. Two tribu-
taries, the Nipmugc River and Tarkiln Brook, of the
Blackstone River would be developed for a com-
bined vield of 14 mgd. The area to be serviced by
these projects would be northern Rhode Island.

The projects would develop Tarkiin Brook by
" construction of a dam and reservoir, pumping
facilties and a connecting aqueduct from the res-
ervoir to a water treatment plant. Initially, addi-
tional yield from the Nipmuc River would be
made available by high flow withdrawals. As
water demands increase, construction of a stor-
age dam and reservoir on the Nipmuc itself
would allow the development of the project’s full
potential yield.

In the operation of this project, water would be

diverted from the Nipmuc and delivered to a res-
ervoir on Tarkiln Brook through a 4.3 mile,
30-inch-diameter conduit. Water from the reser-
voir would be treated and conveyed 12 miles
through pipelines to major distribution points.

Sudbury River Basin

Subsequent to the Sudbury River Act of 1872, a
series of seven reservoirs controlling the 75.2
miles of drainage area were constructed to de-
velop the watershed for water supply for the Bos-
ton water system. In 1247, in response to the
availability of higher quality supply from Quab-
bin Reservoir, four of the Sudbury reservoirs
were converted to recreational usage and their
water supply use discontinued. Due to the need
for additional water supply in the future, the po-
tential of redeveloping the complete Sudbury
River Systern as a source has been considered.

¢ Sudbury River Projects. Four alternative rede-
velopment plans have been formulated through a
study sponsored by the Metropolitan District
Commission. These are: continue operation of
the system as at present with the addition of
water treatment; redevelop the system with a
high flow skimming operation; redevelop the
system to maximize water supply with down-
stream release limited to the current legislated
amount; redevelop the system for recreational
purposes. Available water from the first three al-
ternatives ranges from 1.5 to about 51 mgd. The
last redevelopment alternative would notinclude
augmentation of water supply as a purpose.

Southeastern Massachusetts and South Central
R.l. Gound Water

An investigation of the potential ground water
resources was conducted by the United States
Geological Survey (USGS) as input to the NEWS
Study. In their analysis, the USGS did not under-
take any new gound water research, but made
use of available data from prior reports.

The USGS analysis outlined two regions that may
possess sufficient gound water resources for re-
gional supply. In Southeastern Massachusetts
and South Central Rhode Island, the studies indi-
cate that up to 300 mgd could be developed.
Other areas were identified as having potential
ground water sources capable of meeting local
reguirements.

The ground water aquifer of Southeastern Mas-
sachusetts lies within the watersheds of a
number of small coastal streams. Available data
indicate that ground water quality is generally
good. However, the area has a history of iron and
manganese increasing in concentration in exist-
ing wells over a period of time and treatment may
be necessary.

* Ground Water 12 mgd. One project would de-
velop and supply an average yield of 12 mgd to
the northern portion of Plymouth County, Mas-
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sachusetts. Necessary facilities include well
fields, pumping stations, transmission mains
from well fields to municipalities, and water
treatment plants. The water would be trans-
ported through a 36-inch-diameter conduit, 23
miles to Northern Plymouth County.

¢ Bristol County Local Development. A second
project would develop 28 mgd for municipalities
in Bristol County. Facilities needed include well
fields, booster pumping stations, water treat-
ment plants and connecting transmission
aqueducts to communities. The water would be
delivered through 30 miles of varying diameter
pipelines.

* Plymouth County Ground Water. A regional
project for the Eastern Massachusetts area would
develop 210 mgd in Plymouth County. Major
items necessary for this developmentinciude 210
gravei packed wells; a collection manifold sys-
tem; facilities for iron and manganese removal; a
35 mile, 8 foot diameter transmission pipeline to
the nearest existing regional agueduct and high
lift pumping stations to supply the necessary
head for conveyance of the supply. In order to
convey the supply within the service area, addi-
tions to the existing regional aqueduct system
may also be necessary. These include the con-
struction of 1.8 miles of a second aqueduct from
Shaft C to Shaft 1 of the existing MDC system and
a connecting 1 mile, 10 foot diameter tunnel from
the Weston to the Norumbega Reservoir with a
pumping station. The project would require ap-
proximately 4,800 acres or about 7.5 square miles
of land.

* Rhode Island Ground Water. The ground water
from the upper Pawcatuck River Basin has the
potential of meeting the demands of South Cen-
tral Rhode island as well as the two islands of
Jamestown and Newport. Development of 11
mgd from well fields located on the mainland
could be piped to existing systems on theislands.

In this project, water would be conveyed by two
20-inch mains from the wellfield to a collection
point. A 24-inch transmission main would carry
the water 14 miles to the Jamestown-Newport
water distribution system.

Local Development

Several communities within Massachusetts are
anticipating the need for additional supplies by
1990. In these instances, the communities have
determined that development of locally available
resources will allow them to meettheir shortterm
needs and they are moving toward development
of these sources. For example, in the Brockton
Metropolitan area and surrounding municipali-
ties, development of local ground water supplies
and diversion of flow from a number of small
coastal streams to the existing Silver Lake Sys-
tem is expected to yield adequate suppiies
through 1990 for these south shore communities.
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Because of the diversity and number of the local
projects, capital costs, annual operation and
maintenance costs and necessary decision tim-
ing are not included in the sections that follow.
Approximately 100 mgd can be developed in the
western Massachusetts counties and Dukes,
Nantucket and Barnstable. Other areas of Mas-
sachusetts and Rhode island can deveiop up to
about 260 mgd.

Water Conservation

* Demand Modification. Based on present knowl-
edge and the particular characteristics or the
EMRI Area, the most promising demand reduc-
tion technique is considered to be a consumer
education program combined with installation of
water saving appiiances {water saving toilets and
inserts and shower heads) in new or replacement
dwelling units, If implemented by local interests,
this combination of techniques could reduce the
estimated long term demand requirements and
could represent an important increment in the
region’s plan.

DECISION TIMING

The timing involved for implementation of each
project is an important factor to consider when
selecting projects for inclusion in a program. The
schedules of implementation shown in Figure 8-2
are for those early action projects in each branch
of the Decision Tree. Figure 8-2 illustrates the
pointintime at which project decisions should be
made.

The Connecticut River Diversion of 500 mgd, is
one alternative for meeting the needs of the Met-
ropolitan Boston region. It is shown in the Table
because it involves a long lead time from. ap-
proval to completion of construction. Therefore,
even assuming that project approval could be
secured by 1978, the project could not be opera-
tional until about mid-1993. 1

Big River Dam is required about 1981, according
to state officials, in order to maintain an adequate
supply reserve. In order to meet the 1981 target
date, necessary approvals should have been se-
cured by 1972. Since they were not, the earliest
the project can now come on line, given approval
in 1978, is 1987. .

Local Ground Water according to latest estimates
would meet needs developing after 1990. To have
these projects on line when required, necessary

approvals would have to be secured by 1981 at .

the latest.

Plymouth County Ground water up to 150 mgd,
even with timely local funding, should be ap-
proved by 1978 to permit construction of well
fields, pumping station and connecting pipelines
to the MDC system by 1990.

Taunton River Diversion, could be supplying 25
mgd by 1987 if approval were secured by 1978,

-
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“Weweantic River Diversion™, has been ragom-
mendad by the area’s regional planning agency
a5 a means to allow the New Bedford-Fall River-
Tauntan, Massachusetts, metropolitan area to
maet its anticipated 1990 supply neada. Approwval
would be raquired by 1978 ta have ihe project on
ling by 1988 Timing for the Sudbury Froject
would be the same.

Morthfield and Millers Rivar projects are de-
signed to helpta rmeat the short term needs ofthe
Matropolitan Boston region, They have been en-
dorsed by the Commonwealth of M assachuseits,
They hewe also been approwed and recom-
mendsd for construction by the Board of Ep-
ginears far Rivers and Harbars. If final approvals
tan be secured in 1978, the projects could be
operational in 1987,

The Ipswich River project iz presently undar in-
vestigation by Massachusetts State officials. If
appravals are forthcoming in 1978, the project
could come an line in 1987,

PLANNING ASSUMPTIONS

Flanning in tha area has bean kayed to a strong
desira by officials and citizens to avaid amy naw
reservolr construction.

*FROJECT ON LINE

Three alternative water supply programs for the
EMRI area, raflecting views woiced by area clii-
zane and officials, have been formulated as
shown in Figure B-3 and were developed on the
basis of the following assumptions:

1. An urgent water supply need exists and tha
deficit will get larger.

2. Water supply projects will be necessary de-
spite uee of water saving fixtures or applisnces,

2. Water supply sources should be developed to
meet the base lcad damand rather than peak de-
rmands,

4, Water use restrictions will be of imited value
in reducing base load damand.

COETE

First costs have been shown on the Project Data
Tabes for ¢ach branch far each project besed on
the Engineering Mews Record Construction Cost
index of 2300, [January 1976) Interest and amior-
tizatian have been calculated at an estmated
lecal bonding rate of 7 parcent over 35 years. OM
& R costs as well as the interest and amortizatian
have been shown on an annual basiz so as to
raprageant ond year s cost after a project is on line.

x|



Northfield and Millers River Projects are shown
with first costs updated to March 1977 price
levels. Since these projects have been recom-
mended for Federal authorization, the current
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Federal interest rate of 634 percent and a 50 year
amortization period were used to compute an-
nual costs,
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FIGURE 8-3 DECISION TREE EMRI PROJECTS
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BRANCH NUMBER ONE

PROGRAM DESCRIPTION

Through 18990, development of 80 mad through
local projects in the Western Massachusetts
countiss anr in Dukes, Mantucket and Barnstable
Countivs will meast the needs of those areas. For
Eastern Maszzachusetts, supplies will have to be
pravided through numerous small local de-
valopments. Approsimately 8D rmopd can be de-
veloped from these sources by 19930, Plymouth
County ground water may supply 160 mgd ard
redevalopment of 1he Sudbury 35 mygd. For the
T980-2000 tirme period, 235 mgd of 8 possible 500
mygd diversion from the Connecticut River, coulad
be provided. Althaugh all the larger tunnels and
purmp stalions would be built in the early time
frame. a portion af the facilitics and operating
costs wauld e defarred until needed.

For the 2000 to 2020 time periad the remaining
76R I'I'Igd ',.'ialdfn:rm the Connmecticut River prr_:-jr_:-;:1
wiould be supplernented by local developments
ioaling 76 mgd.

PROGRAM RATIONALE

The Branch 1 proegram emphasizes reliability of
upply to meet damand in the mid-range Gme
frame.

The program is intended to show one way in
which the largest potential scurce of swiface
water in the basin could be used. The diversions
reguired would take place only when flaws in the
Connecticut wwere high and thersfare, tho river
wolld retain potential for downstream use.

Beause of the Federal Water Pollution Contral
Act Amendments of 1972 |PL 92-5004, quality in
Ehe rver is axpected to improwve incthe future and
health risks waill e reducad.

Thara is, howewver, a risk related to the timeliness
with which this project sauld be implemanted
due 10 the objection of the State of Coannecticut ta
diversions frem the Connecticut River Basin, As
noted 2arlior in this report, jurisdictional ques-
tiors oftan require lengliby pericds of time 1o re-
solve. Jurisdictional guestions may alsa delay
use af extensive well figlds such as those in
Plymouth County.

Branch 1 affers little opportunity to build the
M elerments, e the transmigsion, lings, as
mculior units. It is ineffigient to construct tunnel s
and major pipelines at intervals of l2ss than 29 10
25 years. Therefore, a long term cormemitmant
must be mads ta the wse of the Connecticut River
project ance itis implemented if propsr efficien.-
cies are to resull The inkabitants of Wasterm
Massachusetis seerm 1o preter that the Grester
Bostan Metropolitan Area develop waler sup-
plies cither within its boundaries ar closar than
the Connecticut Aiver Basin, The MDC already
diverts 8% mgd fram the Connecticur Basin
thrgugh the Quabbin Aeservoir System. There-
fore, questions of eguity are being reisen over
increased divarsions from the Basin,

Theprimary advantage of this branch isthat large
scale developrment of the Connecticut River
walld insure an adeguate aupply of water for the
mic-ramge fuiura.

-
e
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ADDITIONAL SUPPLY DEMAND VS, TIME BRANCH 2
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BRAMNCH MUMBER TWO—

PROGRAM DESCRIPTION

Lix projects are proposad for the 1380 to 1590
dacada: Plymouth County Graund Water waould
be developed up to 150 mgd; local grownd watar
weoalil yieled 12 mgd; diverzion of high flows fram
the Taunton Aiver with starages in existiing ponds
wauld yisld 25 mgd; developmant of local re-
sources in Mestern Massachusstts and Dukes,
Mantuckat and Barnstahle Counties v o acd 1
rmgd; locally develaped supplies in the Eastern
Massachusetts area would total 48 mgd by 1990,
and the Eig River praject in the Pawstuxel Hiver
Bazin would vigld 28 mgd. The total yiald would
D 2348 mpd,

For the 1900-2000 fime periad requirements
wiolld be met h-,' peumpsed storage Ffrarm Morth-
figld Mountain providing 72 mgd; diversions
from the Millers River for 76 mgd; local dewslop
rrientan Eastern Massachusetts would provide an

additional 41 magd; Western  Massachuselrs,
Dukes, Mantucket and Barnstable Counties an
additional 1% mgd; the Mipruc River and Tarkiln
Brook Raeservoirs would yicld 14 mad; and the
Flat River devalopment 13 mgd.

Boyond 2000 the Merrimack River would be de-
valoped for 210 mgd by cantinuaus withdrawal
of high flow skimming, the Taunton Estuary de-
wizlopad for 97 mgd and lacal development for 33
rmigd.

PROGRAM RATIONALE

Branch 2 is an alisrnative which could be im-
plermeanted if {a) develaprment of he Narthlisld
and Millers River projects was to ba delayed to
thie 1950-2000 ume period, and o] no sdditicnal
rgpns Connecticut Biver diversions wers: Lo be
ingluded for the regicn. It is intarmediata be-
tveaen the other twerr ranches in casrt

PROJECT DATA FOR BRANCH 2*

ANMUAL COST § MILLIONS

ULTIMA
SAFE 'ITIE. FIRST COST*  INT. & THROUGH  THROUGH  THROUGH
PROJECT MGD § MILLIONS AMORT, OME&R 19590 2000 2020
BIG RIVER 73 61.55 475 1.%0 8.14 £.14 .14
GROUND WATER 12 29.57 228 1.20 3.43 348 348
TAUMTON R. 25 55, 96 4,31 1.66 5.97 ALY 5.97
PLY CO GW. 150 208.71 13.94 7.47 21.41 2141 21.41
M-T RESERVIMA 14 32,64 252 S8 1] 30 210
MORTHFIELD 1] 72 5504 4,049 41 o £.0D 5.00
FLAT RIVER 13 11.30 B3 64 a 152 1.52
MILLERS R. {1) 78 §1.35 4,49 1.78 o 577 5.77
TAUNTOM EST. o7 131.08 10.19 F.02 0 a 15.21
MERRIMACK RIV. 210 542.14 4187 10.24 0 il B2 1T
LCD W) 100 o i % Sl A .
LCD {E} 122 - - — — - —
TOTAL 830 1181.13 89.32 30.39 37.00 52.39 119,71

*ALL FIGURES BASED OM ENGIMEERING MEWS RECORD CONSTAUCTIOM COST INDEX OF 2300

(1) MORTHRELD AMD MILLERS RAIWER PROJECTS ARE SHOWM WITH FIRST COSTS UPDATED T MARCH 14537
FRICE LEVELS AMD AMKMUAL COST AT THE FEDERAL INTEREST RATE of 6.375 PERCENT QVER 51 YEARS.

LOCAL DEVELOPMENT COEST (E| ARND (W) ARE NOT INCLUDED

N
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BRANCH NUMBER THREE—

PROGRAM DESCRIPTION

This branch consists of six projects which com-
bined with local development provide a total
viald of 245 mgd for the 7980-1990 dacade. The
projects are: pumpsad storage from Narthifield
Mountain providing 72 mad; diversicns from the
Millers River for 78 mgd; diversions from the
Ipswich River for storage in offstream reservairs
providing 25 mgd; ground water yielding 12
mgd; divession from the Weweantic River into
exlsting storage providing 15 mgd; and Big River
projact wielding 29 mgd. Lacal devalopments
tatal 81 mgd in the rural areas of Weatern Mas-
sachusetts, Dukes, Mantucke: and Barnstobla
Counties; and 3% mgd in Eastern Massachuaetts.

The 1830-2000 damands would be met by De-
mand Medification of 30 mgd, redevelopment of
thie Sudbury River for 35 mgd, development of
the Nipmuc and Tarkiln Resarvair prajects for 14
imgd and the Flai River Aeservolr which would
provide 13 mpgd. Locel development in Eastern
Mazsachusetts would provide 128 g, amed 15
mgd in Weatern Massachusetis.

Eeyvond 2000, development of the Morrimack
River or Plymicuth County Ground Water sauld
provide 210 mgd, the Moosup River 20 mgd, and
Rhode 1sland ground water 11 mgd. The remain-
der of the region's needs, 3% mgd, would be met
|:|':," laaral rlgvelgpman‘t,

PROGRAM RATIOMALE

With Marthticld Mountain and Millers River proj-
el recommended far autharization by the Corpas
of Engineers, and with other early time frarme
projects under active study by local interests.
Branch 2 is considered 1o be the most likely plan.
For later lime periods, prajects were seloctod
from a number of river basing to provide a
safeguerd against drowghts which might nat af-
fect all Basins with equal severity. Branch 3 is
lowest in cost of the three branches and includes
several prajects in which source areas are close
to areas of darmand.
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CHAPTER 9: CONCLUSIONS AND RECOMMENDATIONS

FINDINGS AND CONCLUSIONS

Basis for the Study. The genesis of the NEWS
Study was the unprecedented drought of the
1960's which caused the people of the northeast-
ern United States to question the previously held
assumption that their region had an abundance
of water. Droughts had occurred in the past and
had caused inconvenience and economic losses.
But not until the 1960’s, had the great urban cen-
ters perceived themselves to be vulnerable to a
water system breakdown—a situation involving
not inconvenience with severe but acceptable
maonetary losses, but involving potential loss of
life through fire, disease and deprivation along
with economic losses of disastrous proportions.
The sense of urgency is conveyed inthe language
of Public Law 89-298 authorizing the NEWS
study.

Available Supplies. The study has shown thatthe
Northeast remains, except in the most severe
droughts, a region with abundant conventional
sources of water supply in virtually all of its parts
even with its dense population and high level of
economic activity. The study has also shown that
the concerns which led to passage of the NEWS
Act were well justified even though severe
droughts are infrequent events. Many systems
are exceeding their safe yields and are approach-
ing conditions of potential shortages even in
years of normal supply. While proper manage-
ment and development of available sources can
make it possible to avert severe shortages in the
future, the lead time required for accomplish-
ment assures that the three most critical met-
ropolitan areas identified in the study will remain
vulnerable to water emergencies for at least the
next decade.

The authorizing legisiation, in referring to poten-
tial facilities for exchanges between river basins,
envisaged that interbasin transfers of water
might be required. Therefore, early stages of the
study examined potential diversions from the
Great Lakes, the St. Lawrence River and the Sus-
quehanna River for conveyance over great dis-
tances to the major metropolitan centers in the
study. The investigations have shown that such
large scale diversions are unnecessary for the
foreseeable future.

Water Conservation. Although precipitation in
most of the Northeast since the 1960’s drought
has been higher than normal, the occurrence of
water shortages in other regions of the United
States has increased public awareness of poten-
tial shortages in the Northeast. These droughts
have also increased public awareness and accep-
tance of the needs for water conservation which
are essential to any long term reduction in water
use. The NEWS Study has been sensitive to the

potential for reducing demand by conservation
measures and has put a significant effort into
determining the results which may be obtained.
Conservation programs have been included in
the estimates of demand and deficits for each
critical area given intensive study. Where sig-
nificant saving could be expected, the adoption of
a conservation program, as an item of local coop-
eration, was made a prerequisite to Federal par-
ticipation in a water supply project. However, the
true effectiveness, in guantity and duration of
water savings, from a proposed conservation
program is difficult to predict and estimates of
projected savings are often matters of con-
troversy. Conservation seems to be a costless,
effortless endeavor and it is neither. An effective
program must be carefully planned, continuously
pursued and enforced by legal sanctions. Re-
sponsibility for the program should be at the state
and local level since the applicable regulations
and ordinances are made at that level. Thus re-
gionally effective plans are institutionally difficult
to establish.

The next few years should provide much valuable
data on the effectiveness of conservation mea-
sures since they are becoming more common
throughout the nation. These data may reduce
the uncertainty currently attached to estimates of
anticipated results. The distinction between con-
servation programs designed to reduce long
range water demands and drought contingency
plans, which are temporary and reserved for
emergency situations, must be clearly under-
stood. Both are needed and should be a part of
any water supply program.

Cost Considerations. Water planners have found
that potential new supplies are increasingly ex-
pensive even when inflation is discounted. The
public, who make comparisons with current
water costs provided by facilities built years ago,
finds these high costs difficult to accept. How-
ever, the closest and most economical sources
were developed first and each new supply there-
fore is more costly to develop.

Emerging Technoiogies. Certain unconventional
sources of supply are likely to become more
competitive in price and acceptability with the
passage of time and improvements in technol-
ogy. Direct recycling of treated wastewater will
become important in long range planning,
perhaps before decisions must be made for proj-
ects to meet year 2020 needs. Indirect recycling,
already in common use by discharge of treated

. wastewater into streams and onto land treatment

areas, or by direct recharging of aquifers, will
increase as technology improves and experience
improves confidence in the results. The Potomac
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River estuary pilot treatment plant authorized in
an interim NEWS report and under construction
by Baltimore Districtin 1977 will contribute to our
knowledge of the potential for use of such waters
as sources of potable supply.

Desalination was beginning to be competitive in
terms of cost in the Northeast until the recent
increase in energy costs and could become so
again if less costly energy systems become avail-
able. Environmental problems such as brine dis-
posal remain to be overcome if the method is to
be used in urbanized areas.

Dual water distribution systems which would
allow for the use of poor quality water for certain
purposes may become feasible where entire new
systems are developed. Cost and the disruption
requiredto install a second system make dualiza-
tion unlikely in established developed areas.
These and other similar new or maodified tech-
nologies may come into use in special circum-
stances but are considered unlikely to become
competitive with conventional sources in the
northeastern United States.

Institutional Issues. Early in the study, it was con-
sidered likely that Federal involvement in water
supply planning might act as a catalyst to the
small jurisdictions and encourage the develop-
ment of regional systems with improved effi-
ciency in providing water services. However, it
was found that regionalization generally is not
perceived as desirable, except in the largest
urban areas where it is a matter of necessity.
These institutional barriers make it difficuit to ar-
range for system interconnections, which couid
increase yields and improve both reliability and
flexibility. Combined facilities or management
may not be necessary but a regional approach to
the analysis of water problems is essential to
reach an equitable distribution of resources and
to achieve reasonable compromises between
source and demand areas.

The institutional difficulties are exemplified by
the relations between New York City and the
areas to which it has reached out in the past for
water. The example is particularly pertinent to the
NEWS Study hecause the proposed Hudson
River Project constitutes another withdrawal
from outside the immediate area. Inthis instance,
however, State and local cooperating officials
from the City and surrounding counties are dis-
cussing the necessary institutional arrange-
ments, to include the possibility that the city sys-
tem become part of a regional system from which
the upstate counties will also be supplied.

Development Trends. Forecasts of the future
have always been subject to differences of opin-
ion. However, future trends in growth in the
urban centers of the Northeast have an unusually
high degree of uncertainty at the present time.
Some believe that the population has peaked and
is on the decline in the metropolitan areas as well
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as in the central cities.

The projection problem is made more difficult by

differences of opinion as to what the growth ob-
jectives should be. While the disadvantages of
high density in residential, commercial and in-
dustrial development are recognized, and de-
plored; the losses in income, contraction in ser-
vices and reduced community well-being which
accompany low growth are alsc recognized and
the resultis an ambivalence toward development
of the resource base including the water supply
component. An adequate supply of water is not a
sufficient condition to insure economic growth
but it remains a necessary condition. Water has
been one of the Northeast’s competitive advan-
tages and it is one that cannot be neglected if a
resurgence is to occur.

In each of the three critical areas, additional re-
servoirs are indicated as potential sources of in-
creased yield for the long range plans of 2020 and
later. At present, such additional reservoirs are
not favored by state and local interests. Their
inclusion as potential elements in future plans
does not constitute an endorsement of the proj-
ects but rather recognition that these impound-
ments are potential sources. Such additional sur-
face water could be developed in such major
basins as the Potomac River in the Washington
Metropclitan Area, the Hudson River Basin in the
New York Metropolitan Area and the Connecticut
and Merrimack Rivers of Eastern Massachusetts -
Rhode Island.

Environmental Considerations. In general, the
impacts of severe and widespread water short-
ages are more serious than the adverse environ-
mental effects of source development. The real
differences of view center on the likelihood of a
severe water shortage and the magnitude of the
environmental impacts.

Environmentally oriented groups encountered in
the study have generally shown that the vital im-
portance of water supply is recognized and have
given primary attention to the questions of (a)
whether, after a meaningful effort at water con-
servation, a given region will need additional
supplies; (b) whether projected increases in fu-
ture demand are consistent with current data; (c)
whether the least environmentally damaging al-
ternatives have been identified; and (d) whether
sufficient data is available to determine the en-
vironmental consequences of a considered proj-
ect. Some of the objections are based on purely
philosophical, “anti-development” grounds.
There has also been evident public concern that
environmental issues not prevent needed proj-
ects, when the impacts are highly speculative or
tess significant than the benefits foregone if the
project does not proceed. The environmental re-
view procedure and the environmental inputs
continue to foster a more vigorous search for
alternatives and a more rigorous examination of
projects proposed.



Planning in the Critical Areas. The Washington
Metropcelitan Area, because it is so heavily de-
pendent upon run-of-the-river discharges and is
so deficient in backup storage, is mostvulnerable
to short term as well as long term shortages. In
systems with large amounts of storage, there is
more time to perceive developing shortages and
enact contingency measures. Funds have been
appropriated for the Potomac estuary emergency
water pumping station of the Washington
Aqueduct Division, scheduled to be initiated in
1977 and completed in 1978. This will be a useful
but strictlty emergency facility. The estuary pilot
plant under construction in 1977 may demon-
strate that the estuary can be used to a greater
extent. Completion of the Bloomington Project in
1280 or 1981 will increase the safe yield of the
Potomac by about 30 percent. Verona and Sixes
Bridge projects would similarly contribute if they
were to proceed to construction, but this appears
unlikely at this time because of lack of support.
Baltimore District continues to seek acceptable
solutions in its Metropolitan Washington Water
Supply Study. Thelong lead time between a deci-
sion and project implementation means the
Washington Metropolitan Area will remain vul-
nerable to water crises for many years to come.

The Corps of Engineers has no region-wide water
supply studies in progress for Eastern Massa-
chusetts-Rhode Island but two projects have
been recommended for authorization by the
Corps-Northfield Mountain and Millers River
projects. With the Metropolitan District
Commission’s Quabbin Reservoir, the region is
less vulnerable to short-term periods of shortage
than is the Washington Metropolitan Area, but
the two additional projects should be built if the
region is to avert critical supply situations.

No NEWS projects have been previously au-
thorized or proposed for authorization in the New
York Metropolitan Area. The states of New Jersey
and Connecticut have concluded that they will be
able to meet their near term water needs until
about the year 2020. New York State, however,
agrees with Corps estimates that southeastern
New York has a current deficit which will reach
about 400 mgd by the year 2000 and has expres-
sed agreement with a NEWS finding thata project
toaugment the New York City system by intermit-
tent withdrawals from the Hudson River is the
most feasible way to obtain the needed supply.

Hudson River Project. The project is described in
the Appendix to this report. In brief, the project
would take water from the Hudson River about 80
miles above the Battery in New York City at a
maximum rate of 950 mgd to produce an annual
increment of 330 mgd in the system safe yield.
The water would be pumped to a filtration plant,
treated and then conveyed by a deep tunnel to
Kensico Reservoir in the New York City system in
Westchester County. Conveyance to demand

centersin New York City would be accomplished
by completion of Stage 1 and construction of
Stages 2 and 3 of City Tunnel No. 3 as part of the
Federal project. A pipeline to Nassau County
would complete the plan.

First cost of the project is estimated to be $3.70
billion. Annual charges would be $346 miliion.
The benefit-cost ratio is 1.3. The project will be
designed and constructed by the United States
and conveyed for operation, maintenance and
any future reconstruction to a duly authorized
public body who would repay to the United
States the cost of construction. In addition, the
local interests will enact a water conservation
program and an environmental monitoring pro-
gram to assure that the projectis operated so that
severe environmental effects do not occur. The
Governor of the State of New York has provided
assurances that the conditions of local coopera-
tion will be met.

Because of the magnitude of the investment and
the degree of uncertainty resulting from lack of
sufficient data to determine completely project
impacts on the complex estuarine ecosystem,
cooperating local governments, public and pri-
vate groups have expressed reservations about
the project, or have expressed opposition to it.
There have also been concerns that the projected
water demand in the region may be too high
because of a loss of population and increased
water conservation. However, there has been no
agreement on a better means of augmenting the
regional supply.

Questions still needing resolution are beyond the
survey study scope in terms of expense and time
required. These issues can best be resolved in a
Phase | General Design Memorandum (GDM)
which would inciude a review of formulation,
geclogy and borings, aquatic and terrestial en-
vironmental inventories, pilot intake operation,
pilot treatment plant operation, review of envi-
ronmental impacts, review of City Tunnel No. 3,
further design and cost estimates, preparation of
report, coordination and public participation. Itis
estimated thatthe Phase | GDM can be completed
in 3 to b years at a cost of $8 million.

RECOMMENDATION

| recommend the selected plan for the Hudson
River Project described in the Appendix to this
Summary Report be authorized for the Phase |
General Design Memorandum stage of advanced
engineering and design at an estimated cost of

$8,000,000. )

JAMES L, KELLY
Major General, USA
Division Engineer
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ANNOTATED LIST OF NEWS REPORTS

| OVERALL STUDIES

1.

Plan of Study for Northeastern Unjted States
Water Supply, Corps of Engineers, North At-
lantic Division, September 1966. A general
overview of the NEWS Study is presented,
including a background discussion of the
area, short and long range objectives, and a
discussion of the relation between the NEWS
Study and similar activities of the States and
other Federal Agencies.

1966 Water Drought Restrictions, Public Ser-
vice Research, 1967. Presents an inventory of
the water use restrictions which were placed
in effect during the 1966 drought.

Water Utility Lists, Connecticut, Delaware,
Maine, Maryland, Massachusetts, New
Hampshire, New Jersey, New York,
Washington, D.C., Pennsylvania, Rhode [s-
land, Vermont Virginia, West Virginia, Public
Service Research, 1967. Basic data is pro-
vided on all water supply companies in the
NEWS Area, including population served,
quantity produced, and gross water revenue.

Water Utility Directory, Public Service Re-
search, September, 1968. The directory lists
by state all water utilities including county
location, size, classification, source of water,
and nature of ownership.

Municipal Financing of Water Projects for
Northern New Jersey, Sanford L. Bordman,
January, 1969. Case study of the financial
aspects of investments for water supply sys-
tems for the municipalities of Northern New
Jersey.

Anticipated and Emerging Advances in
Water Supply Technology, International Re-
search & Technology Corporation, February,
1972. Studies anticipated and emerging
major advances in water supply technology,
including advanced water treatment of pol-
luted, brackish and otherwise unusable
sources, desalination, weather modification
and iceberg harvesting.

. Preliminary Study of Long Range Water

Supply Problems of Selected Urban Met-
ropolitan Areas, Anderson-Nichols & Co.,
Inc., November, 1973. Examines 26 urban
metropolitan areas throughout the North-
east and identifies the areas which may ex-
perience major regional municipal, domestic
and industriat water supply problems. The
report also investigates opportunities to pro-
vide these areas with adequate water supply
through the year 2020. Volume | Main Report.
Volume Il Area Reports.

Northeastern United States Water Supply
Study, Interim Report, Critical Choices for

3. Metropolitan

Critical Years, U.S. Army Corps of Engineers,
November 1975. Provides a brief overview of
the demand for water in the northeastern
portion of the U.S., and puts forward the var-
ious general means for meeting these de-
mands. A chapter is devoted to each of the
three most critical areas, the Washington
Metropolitan Area, the New York Metropoli-
tan Area, and the Eastern Massachusetts,
Rhode Island Metropolitan Area, displaying
in detail the needs and major alternative
sources of water available for satisfying
these needs. Water supply projects are ar-
ranged in alternative programs which meet
the needs through the year 2020 in each area.
These alternative programs demonstrate the
critical choices which must be made at the
earliest possible date in each area.

Il WASHINGTON METROPOLITAN STUDY
AREA (WMA)

1. Potomac Estuary Water Supply: The Consid-

eration of Viruses, Environmental Protection
Agency, March 1973. This study provides the
results of laboratory experiments on the dif-
ferences in resistance to chlorination of
twenty-five strains of human intestinal vi-
ruses that were suspended in estuary water.
Conclusions are drawn from this work from a
public health viewpoint as to the feasibility of
using the Potomac Estuary as a supplemen-
tal source of water for the Washington Met-
ropolitan Area. This was a companion study
to the " Potomac Estuary Water Supply: Its
Feasibility as a Supplementary Source.”

. Potomac River Basin Water Supply, An In-

terim Report, Corps of Engineers, North At-
lantic Division, Baltimaore District, April, 1973.
This Reportis a response to the 1972 Confer-
ence Report on $5.4018, “Public Works on
Rivers and Harbors”, to reformulate the
Sixes Bridge and Verona Dam and Lake proj-
ects for purposes other than low flow aug-
mentation for water quality. The Report
evaluates water supply problems in the
Potomac River Basin with special emphasis
on the Washington Metropolitan Area. It in-
tegrates the two Projects into an overall
long-term water supply program for the
WMA, recommends that a prototype ad-
vance water treatment plant be Federally au-
thorized and constructed, and thus served as
an interim report on the ongoing studies in
the WMA under the Northeastern United
States Water Supply Study (Title |, PL
89-298). Summary & Volumes 1, & II.

Washington  Area-Special
Water Supply Study, Tetra Tech, Inc., July,
1973. This study provided services and work
elements necessary to determine the impact
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of non-point pollution on water supplies; to
review, evaluate, and update information on
present water resources and supply systems
in the WMA,; and to prepare a base-line en-
vironmental analysis of the study area with
specific emphasis on water supply. This ef-
fort was limited to collection, review and in-
terpretation of the existing information.

Potomac Estuary Water Supply: Its Feasibil-
ity as a Supplemental Source, Hydroscience,
Inc., August, 1973, This study examines the
potential for meeting drinking water stan-
dards with Potomac Estuary water treated by
known techniques. The study employed a
steady-state water quality model of the es-
tuary to determine what the quality of treated
estuary water would be under various condi-
tions of river flow and water demand.

. Potomac Estuary Water Supply: Architec-

tural and Urban Design Considerations, Paul
D. Spreiregen, August, 1973. This report is a
graphical essay in site layout and architec-
tural design criteria for the proposed one
mgd pilot estuary water treatment facility.

. Growth and Water Supply in the Washington

SMSA, Development Sciences Inc., January,
1974. This report analyzes the magnitude
and distribution of population growth and its
relationship to water supply in the WMA. The
study first examines how well-water supply
devices alone could aid in the control of
population growth, and second it takes a
broader lock at the problem of growth con-
trol by taking an inventory and examining atl
growth control mechanisms then being
studied by each county in the Washington
Standard Metropolitan  Statistical Area
{SMSA).

. Preliminary Institutional Arrangements for

Water Supply in the Washington Area,
Development Sciences, Inc., January, 1974.
This report presents the existing institutional
setting of the Metropolitan Washington area.
The report delineates the institutional, legal
and funding problems that would he faced
during implementation of alternative water
supply programs studies by the WMA Study
group. Suggestions are made on how the
alternative programs could be modified to
make them politically feasibie.

Environmental Assessment for the Construc-
tion and Operation of a 1 mgd Prototype
Water Treatment Plant, Hydroscience, Inc.,
August, 1974, This documaent describes the
ways in which the Prototype Water Treat-
ment Plant would affect the environment,
and is issued pursuant to the National En-
vironmental Policy Act of 1969 (PL 91-190).

Potomac Estuary Water Supply: A Prototype
Water Treatment Facility, Hydroscience, Inc.,
December, 1974. This reportwas the basis of

10.

11.

12.

13.

a Corps proposal to construct and operate a
one mgd pilot estuary water treatment facil-
ity (now authorized}. Based on the resuits of
operating a time-variable water quality
model, it was concluded that the Potomac
Estuary appears to be suitable as a perma-
nent regional source of water, but due to
potential health hazards, extensive testing
would be required. Operation of the pro-
posed prototype facility would provide the
detailed information needed to evaluate this
approach to water supply. The report also
presents a design for the pilot facility and site
selection criteria for both a pilot and regicnal
facility.

Simulation Mode! for the Metropolitan
Washington Area Water Supply System, Vol |
& Il, Meta Systems, Inc., April 1975. A model
was developed to allow the examination of
the interconnected aspects of the WMA
Water Supply system and the possibility of
using various combinations of devices and
operating procedures to meet both shortand
long term water supply requirements. The
model is descriptive rather than predictive in
that it describes the consequences of deci-
sions made rather than indicating what deci-
sion isto be made. The model was structured
to develop a system configuration which
satisfies demands for the multiple demand
centers of the system.

Environmental Impact of Alternative Water
Supply Programs and Projects for the
Washington Metropolitan Area, WAPORA,
Inc., September, 1975. Provides environmen-
tal data and projected impact assessments of
alternative water supply projects and pro-
grams for the WMA. Using data collected
these water management projects and pro-
grams are compared and impacts are as-
sessed on geographic units ranging fromthe
regional to the immediate project area.

Washington Metropolitan Area Water Sup-
ply Study Report, Corps of Engineers, North
Atlantic Division, November, 1875. Provides
a complete and comprehensive analysis of
feasible alternative solutions to the Washing-
ton Metropolitan Area water supply prob-
lem; describes the range of alternatives pos-
sible; provides the necessary information for
agreement on a first step for a survey of a
particular project. Consists of Main Report
and 4 Annexes.

Annex A, Open Planning and Coordination,
November, 1975. Contains a description of
how open planning took place in the WMA
and identifies the publics which were in-
volved in open planning. Also documents
comments and views offered by various pub-
lics during the study, and identifies the points
where public feedback is either incorporated



orresponded to in the process of formulation
of alternative water supply programs. In ad-
dition a ‘Staff Report on the Alternative
Water Supply Programs for the Metropolitan
Washington Area’” has been included. This
report incorporates the issues and views of
the Washington Community during the early
stages of plan formulation and evaluation,
discusses these views mainly with respect to
program formulation criteria and types of
technigues to use to solve the water supply
problem, and presents preliminary pro-
grams to satisfy objectives and criteria de-
rived from Community involvement.

14. Annex B, Water Supply, Demand and De-

ficits, November, 1975, Describes in detail
the assumptions and procedures dealing
with the interrelationship between the water
supply and demand situation in the WMA.

16. Annex C, Engineering Feasibility of Alterna-

tive Water Supply Projects, November, 1975.
Describes the various water supply projects
investigated in the WMA Water Supply
Study, and describes and analyzes the NEWS
programs in terms of the ability of compo-
nent projects to meet the various program
objectives.

16. Annex D, Effects of Water Supply Deficits and

Socioeconomic Impact Study of Afternative
Water Supply Programs, (2 Vois),
November, 1975. Defines and assesses the
socioeconomic, physical, aesthetic, and
other miscellaneous short-term effects of
water supply deficits in the Metropolitan
Washington Area.

I NEW YORK METROPOLITAN STUDY
AREA (NYMA)

1. Surface Water Supply Capabilities of North-

ern New Jersey River Basins, Quirk Lawler
and Matusky Engineers, December, 1968.
The objective of this study was to obtain firm
yields, for various drought occurrences, of
the surface water supply systems within the
Passaic, Hackensack, Raritan, Navesink, and
Shark River Basins.

Engineering Feasibility Report on Alternative
Regional Water Supply Plans for the North-
ern New Jersey-New York City-Western
Connecticut Metropolitan Area, Metcalf &
Eddy-Hazen & Sawvyer, November, 1971.
This investigation was performed to develop
feasible engineering alternatives for water
supply systems to meet the domestic and
industrial water needs of the study area to
the year 2020.

. Organizational, Legal, and Public Finance
Aspects of Regional Water Supply, Institute
of Public Administration, July, 1972. This re-
port investigated the legal, institutional and

economic issues involved in regional ization
of public water supply in the New York and
southeast New England NEWS Study area,
and presented alternative general institu-
tional frameworks for regional water supply
management. Volumes |, Il 8 IIl.

. Effect on the Environment of Regional Water

Supply Alternatives for the Northern New
Jersey-New York City-Western Connecticut
Metropolitan Area, The Center for the Envi-
ronment and Man, Inc., November, 1972,
This report contains an overview and pre-
liminary analysis of probable environmental
impacts for the fourteen projects used to de-
velop the seven regional programs de-
scribed in the Engineering Feasibility Report
(November 1971} assuming maximum de-
velopment of facilities for water supply
{which would not necessarily be the case).
The report describes qualitative rather than
quantitative impacts and does not attempt to
rank projects by their impacts.

. Evaluation of Alternative NEWS Water Sup-

ply Systems for the Northern New Jersey-
New York City-Western Connecticut Met-
ropolitan Area, Linton, Mields and Coston,
Inc., June, 1973. The purpose of this study
was to develop an impact assessment and
multi-objective evaluation framework, with
the attendant plan formulation process, and
to apply this framework on the local case
study and regional levels to the seven illus-
trative regional programs for the New York
Study Area developed in the Engineering
Feasibility Report, November 1971. Three
Volumes.

. Further Development of Regional Water

Supply Development Alternatives for North-
ern New Jersey-New York City-Western
Connecticut Metropolitan Area, Parsons,
Brinckerhoff, Quade and Douglas, Inc., June,
1973. The objective of this study was to de-
velop additional project alternatives and il-
lustrative regional programs for water sup-
ply work in the New York Metropolitan Study
Area, supplementary to the work in the En-
gineering Feasibility Report, November
1871, and to prepare a computer program-
ming algorithm to serve as a tool for analysis
of additional regional programs by the con-
tractlng agency.

. Legal Institutional and Cost-Sharmg Re-

quirements for Implementing Water Supply
Projects in the Northern New Jersey-New
York City-Western Connecticut Metropolitan
Area, Booz Allen Public Administration Ser-
vices, Inc., June, 1973. The purpose of this
study was to further examine the legal, in-
stitutional, and cost-sharing requirements
for the implementation of both individual
projects and regional programs of projects
for water supply inthe New York Study Area.
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8.

10.

11.

12

13.

Water Supply: Wastewater Management
Aspects for the Northern New Jersey-New
York City-Western Connecticut Metropelitan
Area, Nebolsine, Toth, McPhee, Associates,
June, 1973. The objective of this study was to
perform a survey of the existing legislation,
programs, water quality and future quality
conditions of water sources in the study area
and the Delaware, Hudson and Housatonic
River Basins, and to examine programs to
protect or .enhance quality of alternative
water supply sources which may be utilized
to meet the projected needs of the New York
Metropolitan Study Area. This work was de-
vetoped at a low level of detail, utilizing exist-
ing data.

. An Opportunity for the Future: Integrated

Water Supply-Power Generation-Waste-
water Management-Land Control, Quirk,
Lawler and Matusky Engineers, December,
1973. The objective of this study was to
evaluate the feasibility of implementing a
wastewater-total resource management
program for Long Island, New York, which
would eventually combine a nuclear power
plant, a waste treatment facility and a land
application system and/or other methods of
waste heat utilization for the overall purpose
of system efficiency and improvement of
water supply management on Long Island.

Institutional [ssues Surrounding a Hudson
River Diversion to New Jersey, Dunka, Gas-
ton and Westwater, Inc., August, 1974. This
report discusses the legal, institutional and
financial problems likely to occur if Hudson
River water from New York State is diverted
to New Jersey as part of a regional water
supply program.

Hudson River Hydrology Study, Quirk,
Lawler and Matusky Engineers, August,
1974. An analysis of the firm yields available
for water supply in the Hyde Park -West Park
area faor several alternative operating
schemes of existing and considered reser-
voirs in the Hudson River Basin. A Summary,
the Report and Appendices A, B, and C in
three volumes.

Hydraulic Analysis of the New York City
Water Supply System, Quirk, Lawler and
Matusky Engineers, September, 1974. The
study provides an analysis of the delivery
portions of the City's water supply system
from the sources to the head of the local
distribution system.

Interconnections Study, Quirk, Lawler &
Matusky, September, 1974. Utilizing the al-
ternatives presented in the “Joint Venture
Report” for providing water to the Metropoli-
tanareain each of the time frames 1980, 2000
and 2020, this report develops several sys-
tems by which water could be distributed
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from the mode of entry into the area and to
the individual water utilities.

Report on the Interconnection and Safe
Yields of the Major Water Utilities in North-
ern New Jersey, Dr. Robert M. Hordon, Con-
sultant, September, 1974. This study pro-
vides an inventory of all interconnections
that exist for the eleven major water utilities
in northern New Jersey. The report also ex-
amines the safe yields and annual average
diversions for each utility,

Water Demand Projections and Sensitivity
Analysis for the New York Metropolitan Area,
INTASA, Inc., September, 1974. This report
describes the methodology used to develop
projections of future water demand for the
NYMA. The report also analyzes the sensitiv-
ity of these projections to be altered assump-
tions about underlying conditions, such as
population, economic activity, land use and
community development, and basic water
consumption practices.

Analysis of Regional Water Supply Programs
for the Northern New Jersey-New York
City-Western  Connecticut  Metropolitan
Area, Linton & Co., June, 1975, This study
further develops, extends and applies the
analytical techniques for impact assessment
and mutti-objective evaluation orginally de-
veloped in Evaluation of Alternative NEWS
Water Supply Systems. Greater emphasis is
placed on analysis of environmental, social
and institutional impacts than in the earlier
study, and assessment is made of short-run
construction impacts, system reliability, and
system flexibility. The expanded methodolo-
gies are applied to selected projects and
programs. {4 Volumes)

17. An Opportunity for the Future: Integrated

18.

Water Supply-Power Generation-Waste-
water Management-Land Use Control, Quirk,
Lawler, and Matusky Engineers, December
1973. This study presented the concept of
integrating water supply needs with power
plant cooling needs and wastewater man-
agement needs. The emphasis was on heat
transfer to wastewater effluent for the pur-
pose of effluent renovation and land disposal
of the effluent for ground water recharge.

Master Plan for a Demonstration of Integra-
tion of Water Supply-Power Generation-
Wastewater Management-Land Use Control,
Quirk, Lawler and Matusky Engineers, Oc-
tober 1976. This is a survey-scope study fora
demonstration project to develop operating
experience and resolve technical uncertain-
ties in total resource management. This ef-
fort, an extension of the study An Opportun-
ity for the Future: Integrated Water Supply-
Power Generation-Wastewater Manage-



19.

20.

ment-Land Use Controf was conducted
jointly by NYMA Study and the New York
State Atomic and Space Development Au-
thority. Other Federal, State and local agen-
cies have aiso contributed to the planning
and design of the project.

Preliminary Analysis of Hudson River High-
Flow Skimming Project and Framework for
Environmental Analysis, Metcalf and Eddy of
New York, Inc., December 1975. This study
examines the feasibility of several sites for
intake and treatment plant facilities and pro-
vides an approach for evaluation of en-
vironmental impacts on the estuary. Indi-
cator species are used and descriptions of
each are provided,

Water Conservation Measures for the New
York Metropolitan Area, NEWS Study staff,
January 1976. This reportanalyzes the reduc-
tion in publicly-supplied water demand
potentially achieveable in the New York
Metropolitan Area by means of conserva-
tion, including universaf metering, control of
distribution system leakage, pricing, indus-
tria! recirculation, domestic conservation
devices, public education, and temporary
contingency measures for a drought emer-
gency. Implementation programs for each
are described and costed where such infor-
mation is available. {Appendix Part !l Section
E)

IV EASTERN MASSACHUSETTS-RHODE
ISLAND METROPOLITAN AREA |-WATER
SUPPLY REPORTS:

1.

INTERIM MEMORANDA These eight limited
detailed studies were intended to present an
overview of the water supply situation for
some of the larger metropolitan areas within
New England.

No. 1—New Bedford, Fall River and Taunton,
Corps of Engineers, New England Division,
April, 1968. This Tri-City area in southeastern
Massachusetts was analyzed to evaluate its
future water supply outlook. The population,
water supply and water demand were dis-
cussed and projections made for the popula-
tion and water demand through the year
2020, Possible sources of water adequate for
a regional supply were examined and dis-
cussed. ™

No. 2-Springfield, Chicopee, Holyoke Area,
Corps of Engineers, New England Division,
April, 1968. The Springfield-Chicopee-
Holycke region in western Massachusetts
was examined for its capabhility to meet fu-
ture water supplies. Present and future popu-
lation and water demand figures through the
year 2020 were presented. Adequacy of the
region’s three major systems was investi-
gated and apparent urgent and future needs

were discussed and possible courses of ac-
tion were described.

No. 3 - Bridgeport-New Haven subregion,
Corps of Engineers, New England Division,
July, 1968. The Bridgeport-New Haven, Con-
necticut area was investigated to determine
future potential water supply deficits. Pres-
ent and future population and water de-
mand requirements were presented through
the year 2020. Adequacy of the major water
systems was studied and apparent urgent
and future needs were discussed. Potential
regionwide supply sources were examined
and described.

No. 4 - Southern New Hampshire Tri-City
area, Corps of Engineers, New England Divi-
sion, August, 1968. The Concord-
Manchester-Nashua area of New Hampshire
was investigated to determine future water
supply needs. Present and future population
and water demands through the year 2020
were presented. Sources of water which
could be developed to meet the needs
through 2020 were examined and described.

No. 5 — Worcester-Boston, Corps of En-
gineers, New England Division, September,
1968. The Metropolitan District Commission
{MDC) system, the major supplier in the
Worcester-Boston area, was investigated in
this memo considering only the then existing
system service area. The present and pro-
jected population and water demands
through the year 2020 and the capability of
the system to meet these needs was de-
scribed.

No. 6 —Metropolitan Boston Area, Corps of
Engineers, New England Division, Sep-
tember, 1968. This memorandum builds on
Memo No. 5 in that it examined the implica-
tions of the addition of future suburban cus-
tomers to the MDC system.

No. 7 — Worcester-Boston, Corps of En-
gineers, New England Division, September,
1968. Five sub-regions within the Worces-
ter-Boston region but not included in the
primary service area of the MDC were dis-
cussed in this report. These sub-regions —
City of Fitchburg, City of Worcester, Ipswich
River Watershed District, Upper Charles
River Basin Communities, and the Central
Plymouth County Water District—werse ex-
amined for their capability in mesting future
water demands through the year 2020.

No. 8 — Rhode Island, Corps of Engineers,
New England Division, October, 1968. Future
water supply needs withinthe State of Rhode
Island were examined. Present and future
population and water demand figures
through the yesar 2020 were presented and
possible supply sources were described.
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. St. Lawrence River Diversion, Corps of En-

gineers, New England Division, October,
1968. This report studied the potential of
utilizing the St. Lawrence River as the source
for meeting the future water supply require-
ments of the Northeastern United States as
projected through the year 2020. Two plans
and preliminary cost estimates for conveying
water supply to major users are included in
the report, The study indicates general scope
of the engineering and economic feasibility
of this diversion.

. Draft—Feasibility Report on Alternative Reg-

ional Water Supply Plans for Southeastern
New England, Corps of Engineers, New Eng-
land Division, November, 1969. The objec-
tive of this report was to formulate engineer-
ing alternatives for a regional water supply
system to meet future needs within south-
eastern New England. As described in the
report, these engineering alternatives were
formulated without regard to the “institu-
tional restraints-—legal, economic, or organi-
zational—which mightinhibit regionalization
of water supply.” {Main Report and Appen-
dix)

Fcological Study Merrimack River Estuary —
Massachusetts, Normandeau Associates,
tnc., November, 1971. This study was de-
signed to determine the potential environ-
mental effects of diversion of water from the
Merrimack River in the vicinity of Lowell,
Massachusetts, and to give a qualitative
evaluation of the significance of these effects
on the ecology of the estuary and associated
wetlands.

. Possible Effects of Various Diversions from

the Connecticut River, Essex Marine
Labeoratory, May, 1972, This study reports on
efforts to predict the probable impact of up-
stream freshwater diversion during freshet
periods on the salinity-temperature regimen
of the Connecticut River estuary and to
further correlate these changes with possible
effects on the biotic community of the es-
tuary.

fdentification and Assessment of Socio-
Economic Impacts on the Connecticut and
Millers River Basin Diversions, Abt As-
sociates, Inc., June, 1972. This report de-
scribes, investigations which identify
changes attendant on the Northfield Moun-
tain and Millers River Basin water Supply
projects that will affect human population in
the immediate supply area and among po-
tential receivers. Changes are quantified and
characterized where possible in terms of
magnitude, direction and duration. {Volumes
I and II)

. Water Quality Studies, Connecticut and Mil-

lers River Systems and Quabbin and
Wachusett Reservoirs, Massachusetts, New

10.

1.

12.

13.

England Research, Inc., June, 1972, This re-
port describes studies on the probable ef-
fects of diversion of flow from the Connec-
ticut and Millers River Basins and their pos-
sible effects on the Quabbin and Wachusett
Reservaoirs.

Site Preservation for Water Resources Proj-
ects, A Legal, Economic and Institutional
Analysis, Curran Associates, Inc., January,
1973. This study examined methods histori-
cally employed to assure tracts of land will be
available for future water resources devel-
opment; the success of these methods and
an evaluation of each of these methods as
they pertain to New England. Efforts by the
State of Rhode Island in acquiring reservoir
site preservation are used as a case study by

~the report.

Millers River Basin Water Supply Project,
Corps of Engineers, New England Division,
October, 1974. This study reports investiga-
tions into methods of augmenting water
supply sources for a number of communities
inthe eastern Massachusetts region. Popula-
tion and water demand figures both present
and projected are discussed and alternative
methods of meeting future supply means are
described. The report recommended de-
velopment of water resources in the Millers
River Basin via facilities which would divert
high flows from the Millers Basin to Quabbin
Reservoir. {Volumes 1 through 4},

Northfield Mountain Water Supply Project,
Corps of Engineers, New England Division,
October, 1974. This study which is a compan-
ion of the Millers River Basin project report
recommended the development of a high
flow skimming operation which utilizes the
existing pumped storage hydroelectric facil-
ity at Northfield Mountain and diverts flow to
Quabbin Reservoir. {Volumes 1 through 3}.

Environmental {Impact) Statements -
Northfield Mountain, Millers River Diversion,
Corps of Enginers, New England Division,
December 1973.

Water Demand Study, Eastern Mas-
sachusetts Region, Coffin and Richardson,
Inc., November, 1974. This study investi-
gated existing patterns of municipal water
use for domestic, commercial, industrial,
municipal uses and distribution losses. The
potential for modifying the recent past trend
of increasing water consumption by water
use conservation education programs, pric-
ing policies, use of water-saving appliances,
institutional restrictions and leak detection
and maintenance programs were examined
and discussed.

Water Treatment Plant Study, Merrimack
River, Massachusetts, Hayden, Harding and
Buchanan, Inc., March, 1975. This study de-



termined necessary water treatment plant
unit processes required to deliver a high
quality drinking water supply utilizing the
Merrimack River as a source. Construction
and operating costs for various sized plants
were developed and displayed.

14. Anlinvestigation of Some Environmental Im-
pacts for Possible Diversions of Flow from
the Merrimack River, Jason M. Cortell &
Assoc. Inc., April 1975. This Study demaon-
strates that substantial diversions are possi-
ble from the Merrimack River without com-
promising proposed anadromous fish resto-
ration programs. It specifies minimum flows
inthe River for each month of the year. When
natural flows {or remaining flows) are below
these quantities, water should not he di-
verted.

15. Merrimack River Basin Water Supply Study,
Corps of Engineers, New England Division,
January, 1977. Investigates the water supply
needs of communities within the Mas-
sachusetts portion of the Merrimack River
Basin, and evaluates the potential which the
Merrimack River and other alternatives may
have as a long range source of water supply
-for the eastern Massachusetts region. The
report also investigates the possibility of ser-
vicing portions of southeastern New Hamp-
shire from the Massachusetts portion of the
River.

IV. EMRI (2-WASTEWATER REPORTS)
(A} BOSTON HARBOR

1. Forum, Water Quality of Boston Harbor-
Massachusetts, Proceedings November
30-December 1, 1972, Corps of Engineers,
New England Division

2. Plan of Study, Boston Harbor, Fastern Mas-
sachusetts Metropolitan Area, Corps of En-
gineers, Commonwealth of Massachusetts &
MDC, May, 1973.

3. Environmental Conditions in the Eastern
Massachusetts Metropolitan Area and Prob-
able Impacts of Wastewater Management Al-
ternatives, Normandeau Assoc., February,
1975. '

4. EMMA Study, Metcalf & Eddy, Inc., March,
1976. This intensive inter-agency study ad-
dresses methods for combatting pollution in
the Boston Harbor—Eastern Massachusetts
Metropolitan Area (EMMAY). Consists of a
Main Report, a Summary Report and the fol-
lowing 15 Technical Data. Appendices in 22
volumes.

Technical Data Volume 1, Planning Criteria,
Metcalf & Eddy, Inc. October 1975. Covers
the development of planning data for project-
ing sewerage needs in the EMMA area. Pro-
jections of population, employment, and
land use for 1990, 2000, 2020 and 2050 for
each community are made.

Technjcal Data Volume 2, Engineeting
Criteria, Metcalf & Eddy, Inc. October, 1975.
Covers the engineering criteria used in the
project including the bases of estimating
wastewater flows, sewerage needs and
costs. Projections of sewerage needs and
wastewater flows are made for each com-
munity.

Technical Data Volume 3, Industrial Process
Wastewater - Analysis and Regulation,
Metcalf & Eddy, Inc., October, 1975. De-
velops and presents the formulation of up-
dated rules and regulations for industrial
wastes discharged to the Boston Metropoli-
tan District Sewerage system which will con-
form to current Federal and State require-
ments.

Technical Data Volume 3A, Study of Certain
Industrial Wastes, Jason Cortell, October,
1975. This volume reports an the identifica-
tion and location of 27 types of industries. For
each industry identified, the volume and
constituents of the process wastes dis-
charged are reported.

Technical Data Volume 3B, Study of Wastes
from Large Industries, Jason Cortell, Oc-
‘tober, 1975. This volume reports on the iden-
tification and location of industries discharg-
ing 50,000 gallons per day or more of process
wastes. For each industry located, the vol-
ume and characteristics of the discharged
waste are reported.

Technical Data Volume 4, Water Oriented
Waste Water Utilization Concepts, Metcalf &
Eddy, Inc., October, 1975. Study of antici-
pated wastewater management problems in
109 communities of the EMMA, in connec-
tion with expanding and upgrading the Nut
and Deer Island primary sewage treatment
plants.

Technical Data Volume 5, Land Oriented
Wastewater Utilization Concept, Woodman
and Howard, October, 1975. Reports on the
formulation and design of a land application
wastewater treatment system for the Eastern
Massachusetts Metropolitan Area.

Technical Data Volume 6, Formulation of
Wastewater Utilization Plan, Metcalf & Eddy,
Inc., October 1975, Covers the deliberative
process that was followed between the De-
velopment of Concepts 1 through 4 (in Vol-
ume 4), Concept 5 {in Volume 5), and the
adoption of the Recommended Plan as pre-
sented in Vol, 15,

Technical Data Volume 7, Combined Sewer
Overflow Regulation, Metcalf & Eddy, Inc.,
Nov., 1975. Presents an evaluation of the
combined sewer overflow problem in the
Boston Harbor area in terms of quantifying
the problem and identifying the direction
that technical environmental and economic
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analyses should take.

Technical Data Volume 8, Urban Stormwater
Management, Corps of Engineers, New En-
gland Division, October, 1975. Reports onthe
quantity and quality of urban stormwater
runoff in the Eastern Massachusetts Met-
ropolitan Area. Also inciuded is an array of
alternatives for managing the stormwater
together with costs and a projection of ef-
fects on the receiving items.

Technical Data Volume 8A, Appendix to
Urban Stormwater Management, Corps of
Engineers, New England Division, October,
1975. Appendix to Vol. 8.

Technical Data Volume 9, MDC Interceptor
and Pumping Station Analysis and Im-
provement, Metcalf & Eddy, Inc. 1 Octaber,
1975. Presents the inventory and evaluation
of the MDC interceptors, pumping stations
and headworks in terms of their adequacy to
meet projected needs under various con-
cepts and the recommended plan, and re-
commends the general upgrading required
at the pumping stations and headworks.

Technical Data Volume 10, Deer lIsiand
Wastewater Treatment Plant Analysis and
Improvements, Metcalf & Eddy, Inc., Oc-
tober, 1975. Covers the basic design criteria
for upgrading the existing primary plant and
providing those facilities that would be re-
quired to accomplish secondary treatment
including flows and costs.

Technical Data Volume 11, Nut Island Was-
tewater Treatment Plant Analysis and Im-
provements, Metcalf & Eddy, Inc., October,
1975. Covers the study performed to analyze
the necessary improvements to the primary
treatment facilities at the Plant, together with
the work necessary to provide secondary
treatment capabilities at the facility.

Technical Data Volume 12, Parts { & If, Finan-
cing and Management, Peat, Marwick,
Mitchell & Co., October, 1975. Contains the
findings of the management phase of the
EMMA study, the objectives of which were to
evaluate and recommend modification tothe
organizational entity and financial mech-
anisms required to manage, administer, con-
trol, fund and operate the recommended sys-
tem.

Technical Data Volume 13, Impact Analysis
and Evaluation, Corps of Engineers, New En-
gland Division, October, 1975. Summarizes
the identified impacts of wastewater man-
agement as discussed in Volumes 13A-13D
and provides the evaluation required by
Principles and Standards.

Technical Data Volume 134, Biological Im-
pact Analysis, Normandeau Associates, Inc.,
October, 1975. Reports the identified impacts
of wastewater management concepts in the
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Eastern Massachusetts Metropolitan Area
with particular emphasis on aguatic biologi-
cal impacts.

Technical Data Volume 13B, Socio-Economic
Impact Analysis, ABT Associates, October,
1975. Reports on the identification and
analysis of impacts to the socio-economic
environment of Eastern Massachusetts, re-
sulting from wastewater management con-
cepts.

Technical Data Volume 13C, Hygienic Impact
Analysis, Corps of Engineers, New England
Divison, October, 1975. Discusses the effects
on the public health of various wastewater
management concepts.

Technical Data Volume 13D, Visual, Cultural
and Design Impact Analysis, Woodman and
Howard, October, 1975. Reports the effects of
regional wastewater management concepts
upon the visual-cuitural environment and
reports on the design implications of various
facilities.

Technical Data Volume 14, Public Invoive-
ment, Corps of Engineers, New England Di-
vision, October, 1975. Reports on the Open
Planning activities and results in the Boston
Harbor-Eastern Massachusetts Metropolitan
Area Wastewater Management Study.

Technical Data Vol 15, Recommended Plan
and Implementation Program, Metcalf &
Eddy, October, 1975. Covers the recommen-
dations made as a result of the EMMA Study.

IV 2 (B) MERRIMACK RIVER

1.

The Merrimack: Designs for a Clean River,
Corps of Engineers, North Atlantic Division,
September, 1971. General feasibility study
investigating comprehensive wastewater
management to make presently polluted
waters available for water supply. This
Study entails a pilot wastewater study of the
Merrimack River Basin. {Study consists of a
Main Report, five appendices, and 3 An-
nexes).

Appendices | & Hi, Introduction, Study Area
Today and Study Area Tomorrow—{to 2020),
Corps of Engineers, North Atlantic Division,
August 1971. Presents feasibility study on
wastewater management in the Merrimack
River Basin in the States of Massachusetts
and N.H. Indicates the feasibility, including
estimated costs, and the effects on the envi-
ronment, of proposed wastewater poilution
abatement methods and alternatives for the
Basin.

Appendix i, Development of Alternatives
fPlan Formulation), Corps of Engineers,
North Atlantic Division, August, 1971. Both
conventional and physical-chemical waste-
water treatment processes as well as land
renovation techniques were investigated.

R



Existing projects utilizing these treatment
processes and the quality of the reclaimed
water and its uses are presented. The report
sets out eight alternative solutions for deal-
ing with water quality management.

Appendices IV & V, Assessment and Evalua-
tion of Selected Alternatives, Corps of En-
gineers, North Atlantic Division, August,
1971. The various alternatives set forth in
Appendix Il are assessed in terms of
ecologic, hygienic, aesthetic, social oppor-
tunity and economic criteria, as they relate to
the characteristics of the Merrimack River
Basin. Appendix V evaluates the effects and
consequences of the impacts identified in
Appendix IV.

Annex A, Consultant’'s Land and Water Djs-
posal Assessments, Carps of Engineers,
North Atlantic Division, August, 1971. A list
of land and water disposal data prepared by
private consultants for use in the Merrimack
wastewater study.

Annex B, Consultant’s Impact Assessment,
Corps of Engineers, North Atlantic Division,
August 1971. A list of impact assessment
data prepared by private consultants for use
in the Merrimack study.

Annex C, Consultant’s Industrial Wastewa-
ter Profiles, Corps of Engineers, North Atlan-
tic Division, August, 1971. A list of industrial
wastewater data prepared by private consul-
tants for use in the Merrimack Study.

Open PlanningiThe Merrimack, The New
England Natural Resources Center, Sep-
tember, 1971. Presents a strategy for public
involvement within the Merrimack River
Basin.

. Aerial Remote Sensing Reconnaissance and
Analysis of the Merrimack River Basin,
Coastal Research Corporation, March, 1972.
Documents point source discharges into the
Merrimack River and its major tributaries
using remote sensing technology.

Toxic Residual Elements and Compounds of
the Merrimack River Watershed (Mas-
sachusetts Portion), Lycott Environmental
Research Company, October, 1973. Esti-
mates quantities and types of residual com-
pounds, i.e., pesticides, discharged into the
waters of the Merrimack River Basin.

. Plan of Study, The Merrimack: Design for a
Clean River, North Atlantic Division, Corps of
Engineers, NEWS Study, February, 1973.

. Merrimack Wastewater Management, Key
to a Clean River, Corps of Engineers, New
England Division, November 1974. A joint
survey study with the Commonwealth of
Massachusetts and the U.S. Environmental
Protection Agency addressing methods of
improving wastewater management in the
Merrimack River Basin in Massachusetts as

well as the metropolitan area of Eastern
Massachusetts. Consists of a Summary Re-
port and the following 7 Appendices in 16
volumes.

Appendix T—Background Information

Appendix 1-A, Geologic-Hydraulic Investi-
gations, Anderson and Nichols, Inc., and
Goldberg-Zoinog, Inc., November, 1974. Pre-
sents surficial and bedrock geology as well
as ground water hydrology data for the
Eastern Massachusetts Area.

Appendix I-B, Industrial Listings, Anderson
and Nichols, and Co., Inc. November, 1974.
Lists various industries within study area
and their estimated poliution contribution.

Appendix I-C, List of Study Criteria and In-
struction, Corps of Engineers, New England
Division, November, 1974. Lists various
Federal and state criteria and instructions
under which the study was accomplished.

Appendix I, Plan Formufation, Corps of En-
gineers, New England Division, November,
1974. Shows processes of determining vari-
ous technical afternatives and recom-
mended plan.

Appendix Ill, Yolumes T & 11, Design and
Costs, Anderson and Nichols, & Co., Inc.,
November, 1974. Present engineering in-
formation designs and costs of each waste-
water management alternative.

Appendix IV Impact Analysis and Evalua-
tion, Corps of Engineers, New England Divi-
sion, November, 1974. Summarizes various
impacts contained in Volumes IV A, B, C, and
D.

Appendix IV-A, Socio-Economic Impacts,
ABT, Associates Inc., November, 1974. De-
scribes the sociological and economic im-
pacts of the wastewater management alter-
natives.

Appendix IV-B, Volumes | & Ii, Biological Im-
pacts, Normandeau Associates, Inc.,
November, 1974. Presents terrestrial and
aquatic biological data and information for
the Merrimack Basin. Describes biological
impacts associated with each wastewater
management alternative.

Appendix IV-C, Aesthetic Impacts, Anderson
and Nichols, and Co., Inc., November, 1974.
Delineates the visual and cultural impacts of
each wastewater alternative.

Appendix IV-D, Hygienic — Public Health,
Corps of Engineers, New England Division,
November, 1974. Presents water quality
data and findings of magnitude of pollution
from non-point sources. Discusses existing
sanitary waste practices within the Basin
and suggests needed changes.

Appendix V, [Institutional Arrangements,
ABT, Associates, Inc. November, 1974. De-
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scribes existing authorities and manage-
ment structures applicable to the study area
and suggests modifications and changes
that may be necessary to comply with the
goals and requirements of PL 92-500. (Also
Draft copy}

Appendix Vi, Public Involvement Program,
Corps of Engineers, New England Division,
November, 1974. Lists public participation
program for carrying out the study.

Appendix Vi, Comments, Corps of En-
gineers, New England Division, November,
1974. Lists Federal, state and local com-
ments on the Merrimack River Report.

Wastewater Management — Merrimack
River Basin — Boston Metropolitan Area,
Corps of Engineers, New England Division,
December, 1975. Summarizes the wastewa-
ter management studies accomplished by
the Corps of Engineers in the Merrimack
River Basin and the Boston Metropolitan
area in response to Congressional Resolu-
tions.

V SOUTH CENTRAL PENNSYLVANIA
STUDIES

1.
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Prefiminary Report: South Central Pennsyl-
vania, Baltimore and Mason-Dixon Areas,
Corps of Engineers, North Atlantic Division,
Baltimore District, February, 1970. An inves-
tigation of the urgent need areas of South
Central Pennsylvania (York-Harrisburg-
Lancaster) and Baltimore, and a preliminary
analysis of the Mason-Dixon proposal.

Identification and Assessment of Social and
Economic Impacts, Codorus Creek Wastewa-
ter Management Study, ABT Associates, [nc.,
November, 1971.

The Codorus Creek Wastewater Manage-
ment Study, Corps of Engineers, North Atlan-
tic Division, Baltimore District, April, 1973. A
study of the alternatives which were de-
veloped to solve the water quality and re-
lated problems of the Codorus Creek Basin.
The Report includes: (1) Analysis of Conciu-
sions: Summary of Findings and Recom-
mendations, April 1973, (2) Summary Report
and Conclusions, August 1972, {3) Appendix
A, Technical Studies, Vols. | - 1V, August 1972,
{(4) Appendix B - Impact Studies, August
1972,{5) Appendix C, Analysis of Institutional
Arrangements, August, 1973, and (6) Sup-
plement to Appendix C - Implementing a
Land-Based System — An Analysis of Ap-
proaches, August 1973.

. South Central Pennsylvania Metropolitan

Area, Water Supply Development Alterna-
tives, Volume 1, Main Report. Corps of En-
gineers, North Atlantic Divsion, March 1975.
This report is an investigation of the water
supply situation in the Urban Metropolitan

Areas of Harrisburg, Lebanon, York and Lan-
caster contained within the study area. De-
terminations were made of the magnitude
and time of expected deficits in the UMA's
and 13 alternative programs were investi-
gated to determine engineering and cost
solutions.

. South Central Pennsylvania Metropolitan

Area, Water Supply Development Alterna-
tives, Volume 2, Appendices, Corps of En-
gineers, North Atlantic Division, March 1975.

Appendix 1, Technical Report For Water
Supply Development Alternatives,
Anderson-Nichols, Presents detailed data
and methods used in the investigation, in-
cluding population, supply, demand, de-
ficits, engineering methodolgy and design
criteria, cost methodology, construction
phasing and design capacities and cost
summaries.

Appendix 2A — Preliminary Assessment of
Environmental, Social and Economic Im-
pacts —Water Supply Development for the
South Central Pennsylvania Area, Roy F.
Weston, Inc., September, 1974. This study is
preliminary assessment of environmental,
social and economic impacts of the thirteen
water supply alternatives for the study area.
Analyses were conducted to determine ben-
eficial or adverse effects from the point of
view of these three disciplines, using
categorical indicators and ranking systems.

Appendix 28—Hydrologic Impact Studies of
Afternatives to Meet Water Needs in South
Central Pennsylvania, Resource Analysis,
Inc., September, 1974. This report investi- .
gated the hydrologic effects of alternative
water supply development in the area. The
impact on streamflow from ground and sur-
face water withdrawals by the different alter-
natives were investigated through the use of
a simulation model. Results include the dis-
tribution of out flows from the system and on
tributaries for each alternative. Studies were
also made to determine the surface water
response to ground water withdrawals.

Appendix 2C — Preliminary Study of Legal,
Institutional and Cost Sharing Arrangements
for Water Supply in South Central Pennsyi/-
vania, Booz, Allen and Hamilton, September,
1974, This study provides a preliminary
analysis of possible legal, institutional and
cost sharing arrangments necessary to im-
plement alternative water supply programs
in the area. It assesses these arrangements
for selected engineering alternatives and ap-
plies two institutional options to a regional
program. The report also presents im-
plementation plans for the new institutional
arrangements required by the regional pro-
gram.
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